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RESPONSE FIXATION UNDER ANXIETY AND 
NON-ANXIETY CONDITIONS * 


BY |. E. FARBER 


From the Psychological Laboratory, University of lowa 


INTRODUCTION 


A number of experimental studies with rats have revealed that 
responses which occur in close temporal contiguity with shock may 
acquire unusual strength, tending to persist with little variability even 
though they do not lead to a goal and are therefore no longer adaptive. 
Such persistent non-adaptive behavior has been termed ‘fixation,’ and 
has been found to occur under a variety of conditions. 

Among the most frequently investigated of these have been shock 
situations designed to produce in rats a phenomenon comparable to 
that of regression in human Ss. The relationship of fixation to re- 
gression has been indicated by Hamilton and Krechevsky, who define 
regression as “‘a reversion to an earlier, well-established mode of be- 
havior, and persistence in that mode despite the relative inefficiency 
of that behavior in solving the problem . . .” (3, p. 238). Thus 
defined, regression becomes merely a special case of fixation. In the 
typical regression experiment an animal is trained to select one of 
two or more alternative approaches to a goal; this habit is then 
weakened by failure or by delay of reward and a second habit is 
established. Shock is then introduced into the situation; if the 
animal reverts to its first habit, it is said to have regressed. 


The experimental investigations concerned with this problem have not 
shown unequivocally that regression occurs under these conditions (1, 3, 6, 
10, 14, 18, 20). The weight of the evidence indicates, rather, that the 


* This article is based on a dissertation submitted to the faculty of the Department of 
Psychology of the State University of lowa in partial fulfillment of the requirements for the Ph.D. 
degree. The writer is greatly indebted to Professor Kenneth W. Spence for his advice and as- 
sistance during the course of this study. 
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occurrence of regression is a direct function of the relative strength of pre- 
viously established habits and an inverse function of the relative strength 
of on-going responses. ‘The results with reference to fixation, however, have 
been consistent. Whatever its effect upon the direction of response, shock 
tends to constrict behavior. The initial response or responses elicited by 
shock serve as the behavior which is fixated, whether it be a previously 
made response, the ongoing response, or a response never before made by 
the animal in that situation. , 

The major findings with respect to the variables influencing fixation 
have been reviewed by Everall (1), Kleemeier (6), Mowrer (14), and Sears 
(21). The following discussion is therefore concerned only with a brief 
analysis of certain methodological considerations in the study of Axation as 
a function of shock. 

Much of the evidence for fixation derives from situations in which an 
animal shows little variability of performance during shock trials, while tak- 
ing the spatially or temporally longer of two or more possible paths to a goal 
(3, 6, 10, 20).1. Thus, Hamilton and Krechevsky (3) found, during 100 trials 
in a simple maze involving a long and a short path to food, that animals sub- 
jected to shock showed only about one-ninth as much variability of per- 
formance as non-shock animals. Increased resistance to extinction of a 
response maintained under shock conditions has also been demonstrated. 
In Everall’s experiment (1), when a previously established maze habit was 
no longer rewarded, animals shocked during the extinction period shifted to 
the correct response far more slowly than did non-shock control animals. 

Kleemeier (6) has reported similar results using a four-choice maze. 
After successively establishing two different habits, both affording immedi- 
ate access to food, 16 out of 20 of his animals persisted in their second habit 
during 30 or more shock trials (or reverted to it after first selecting another 
alley pointed in the same general direction). When a delay was introduced 
in the selected alley during an additional 20 to 30 shock trials, 96 percent 
of the runs were perseverative. When the locus of the shock was shifted 
to a point after choice during yet another 20 to 30 trials, only one animal 
showed any decided shift in preference, 93 percent of the group’s runs 
continuing as before. 

As Kleemeier has observed, these results demonstrate only that “‘it is 
more difficult to effect a change in preference while the animal is being 
shocked . . . than when the animal is not given such a shock”’ (6, p. 5); 
he prefers, therefore, to reserve the term fixation for persistence in a response 
‘“‘when shock [is] no longer given and the demands of the new situation 
[are] such that the mode of response adopted to shock [is] made inade- 
quate” (6, p. 5). O’Kelly (18), using rats in an open-field situation, has 
demonstrated this sort of fixation; five of seven of his shock animals per- 
sisted in a previously established response for 16 to 29 trials after shock was 
removed. His control animals required an average of only 6.8 trials to 


1 Perhaps Everall’s study (1) should also be included among these. Although she gave no 
reward in the longer alley, her discussion does not clearly indicate whether a correction procedure 
was used. If it was, the longer path involved merely a delay of reward rather than an absence 
of reward. 
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shift to the correct response. The two shock animals which learned the 
new response required 12 and 15 trials respectively. Kleemeier (6), in a 
second experiment, established two successive responses in 60 rats in his 
four-choice maze, and then gave $o shock trials. ‘The mean number of runs 
of these animals to the particular alley selected by each during the shock 
trials was 44.5, a score identical with that made by a control group of 10 
non-shock animals. However, when shock was then removed and a delay 
of reward introduced for the ongoing response, the group which had been 
shocked averaged 29 perseverative responses whereas the non-shock group 
averaged only five. Nine of the shock animals persisted in their fixated 
response during the entire 50 trials. 

To summarize, only two studies (6, 18) indicate anything more about 
the nature or degree of fixation as a function of shock than the fact that 
animals typically do not quickly learn to discriminate between long and 
short paths to food while they are being shocked. Of the studies investigat- 
ing persistence of response after the removal of shock, only one (6) indicates 
the number of trials required for the extinction of the fixated response in a 
majority of animals; and in this instance retraining was discontinued after 
50 trials. 


Despite some lack of uniformity in the application of criteria to 
a definition of fixation, the experimental results clearly indicate that 
behavior under shock conditions may become highly rigid and re- 
sistant to extinction, even though alternative responses are made to 
have greater value in terms of reward or length of delay. This kind 
of behavior has been subjected to two sharply conflicting interpreta- 
tions. One interpretation considers it to be a learning phenomenon, 
whereas the other regards it as abnormal—qualitatively different from 
learned behavior and explicable only in terms quite independent of 
those applied to learning phenomena. 

The former interpretation of fixation has been best formulated by 
Sears (2%, pp. 76 ff.), who identifies it with the concept of habit 
strength. Noting that experimental investigations have typically 
been concerned with instrumental act fixation rather than with the 
object or drive fixations so widely dealt with by Freud, he observes: 


As habit strength is customarily measured, it is equivalent to strength of instrumental 
act, and this latter is the quantitative continuum at one end of which lies what Freud called 
fixation, i.e., great strength. 


The chief measure of instrumental act strength is degree of resistance to change either 
by extinction (nonreward) or by retraining (reward of an incompatible habit). This is 
essentially the criterion of fixation used in the clinical situation . . . (21, p. 81). 


Sears has listed a number of different factors which have been 
shown to influence the strength of instrumental acts in white rats; 
in his summary, punishment by means of shock is included among 
such other factors as amount of reinforcement and interval between 
instrumental act and goal response. 
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That fixation is a phenomenon which may be subsumed under the con- 
cept of habit strength has also been suggested by Mowrer, who has observed 
that in humans the habits that are acquired at successive stages of develop- 
ment necessarily have certain strengths, “‘and it is the varying strength of 
such habits that determines the extent to which relative fixation may be said 
to have occurred at any given point” (14, p. 58). 

Certain of the experimental evidence strongly favors the notion that 
fixations which occur under shock conditions are merely relative and differ 
only in degree of strength from other habits. Animals subjected to shock 
do not by any means fall into two distinct groups—those which fixate and 
those which donot. The curves indicating degree of resistance to extinction 
of a response in shock animals are continuous, and in fact, typically overlap 
those for animals not subjected to punishment. Everall (1), for instance, 
found that shock animals had fewer hypotheses and maintained them for 
a longer period than did non-shock animals, but nevertheless observed that 
there was great variability in this respect, some animals tending to fixate 
regardless of the conditions under which they were run. 

In sharp opposition to this point of view is that of Maier and his col- 
leagues (5, 6,'7, 8,9). Maier (7) has suggested that what is conventionally 
called the ‘learning function’ actually often involves processes other than 
learning. Such extraneous processes, including the “‘tendency to persist in 
an acquired mode of behavior after it ceases to be adaptive” (7, p. 250), 
should properly, according to his view, be studied as a problem independent 
of learning.? 

Martin has differentiated fixation from learning on the grounds that 
fixation or “habit stability” is “determined primarily by factors of fre- 
quency, recency, and intensity,’ whereas “learning . . . seems to be pri- 
marily purposive and adjustive . . .”’ (10, p. 13). It is somewhat surprising 
to find here the suggestion that a phenomenon be distinguished from learning 
because it appears to be influenced by the very factors which are regarded 
by most learning theorists as determinants of habit strength. However, 
Tolman (22, pp. $9 ff.), has urged a distinction between learning and the 
‘psychological dynamisms’ on somewhat similar grounds. He states: 

Learning is . . . a ‘reasonable’ activity which tends to keep the individual well ad- 
justed to the actual environmental realities. . . . The dynamisms are, however, far less 

‘reasonable’ than learning. . . . Learning corrects itself when the environmental relation- 


ships change. The dynamisms, on the other hand, tend to persist in hardened and blind 
form (pp. 60-61). 


We shall understand by fixation the tendency, after an auxiliary response or technique 
has been learned (because of its instrumental value), for such response or technique to 





4 Much of the discussion relevant to these differing interpretations has been concerned with 
the fixations which occur in animals in situations involving insoluble problems rather than noxious 
stimulation. However, proponents of the view that fixation involves a mechanism other than 
learning have explicitly included both under the rubric of abnormal phenomena (s, 6, 8). It is 
interesting to note in this connection the frequent use of air-blast in the insoluble problem situa- 
tion. When Klee (s) eliminated air-blast as a factor under one experimental condition, he ob- 
tained fixation in only two out of 12 animals in an insoluble problem situation, whereas with air- 
blast nine out of 12 animals fixated. It is not suggested, however, that resistance to extinction 
in such situations is entirely a function of punishment; data from other sources (17) indicate that 
the pattern of reinforcement may be an important factor. 
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become relatively fixed and permanent—even though conditions may change so that it no 
longer has this original auxiliary value. This is the type of process for which Allport has 
coined the term ‘functional autonomy’ (pp. 61-62). 


In opposition to this view McClelland has pointed out the gratuitousness 
of the assumption that certain acts must be performed for their own sake 
if they continue for an extended period after the conditions which originally 
instigated or maintained them have apparently been removed. As he puts 
it, “If it can be shown that there are good reasons why the act should con- 
tinue, there will be no need to postulate a force within the act that keeps 
it going’ (11, p. 275). 

Following out this general line of thought, it might be assumed, for 
instance, that some form of secondary motivation and secondary reward 
could operate to produce such behavior phenomena. ‘Thus, in the case of 
shock-produced fixation it would not seem unreasonable to suppose that the 
maintenance of the response is a consequence of secondary reinforcement 
due to the reduction of anxiety which has been conditioned to the stimulus 
cues at the locus of the shock. 

This conception of anxiety reduction as a secondary reinforcing state 
has been elaborated in a number of papers by Mowrer (13, 15, 16) and by 
Miller and Dollard (12, p. 57 ff.). It assumes, in brief, that intense stimuli 
such as shock evoke in the organism certain responses, mediated largely by 
the sympathetic division of the autonomic nervous system, which produce 
an internal drive state. External cues (as well as internal cues) occurring 
at the time of shock acquire the capacity to evoke these visceral responses 
and thereby the drive, which, when thus elicited, is termed ‘anxiety.’ 

A response which removes these conditioned cues would reduce the 
anxiety aroused by them and so strengthen the connection between these 
cues and any response which occurs in temporal contiguity with them, in 
accordance with the principle of reinforcement. According to this schema, 
the occurrence of the goal response (escape from pain or anxiety) strengthens 
first of all the tendency for the drive state to elicit the responses leading to 
the drive reduction. It also strengthens the connections between the cues 
present at the time of shock and the responses producing the drive state, 
between the cues and the escape response, and under certain conditions,? 
between the cues and the response actually leading to the noxious stimulus. 

A hungry animal which escapes shock by entering a goal box in which 
it also obtains food is in effect being doubly reinforced. If the food is re- 
moved but the shock continued, there is no reason why, apart from the 
possible disruptive effect of the changed goal situation, the response leading 
to escape should not continue. Indeed, its strength should continue to 


* Ordinarily, any increment of strength in the response to approach a noxious stimulus will 
not suffice to overcome the much greater increment in strength of the response which escapes it; 
when these two responses are incompatible, the escape response will almost invariably dominate. 
However, under at least two circumstances the approach responses may actually gain in relative 
strength: (a) if the situation is such that punishment is unavoidable, so that the only possible 
mode of escape is by way of an initial approach response; or (b) if the approach response already 
has considerable strength at the time punishment is introduced, so that it actually occurs a 
number of times, followed by escape from the punishment. Under these conditions, the complete 


sequence CUE—> APPROACH — ANXIETY —» ESCAPE may become very strong. 
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increase, though perhaps by smaller increments. More notably, even if 
the shock also is discontinued, the response would still receive secondary 
reinforcement due to the reduction of anxiety following escape from the cues 
associated with the shock. It is apparent then that if the mechanisms of 
secondary motivation and reinforcement are operative, the extinction of 
responses as a result of failure of food reinforcement should by no means 
proceed as rapidly in shock animals as in non-shock animals. 


STATEMENT OF PROBLEM 


Among the implications of the theory that the fixation of non- 
adaptive responses in a shock situation may be the result of uncon- 
trolled secondary reinforcement resulting from anxiety reduction is 
the following: if the anxiety were eliminated, by one means or another, 
the possibility of the maintenance of such responses by secondary 
reinforcement would be precluded. For instance, feeding in a situa- 
tion in which anxiety has developed might remove the anxiety state, 
thereby eliminating the operation of secondary reinforcement and so 
decreasing the resistance to extinction of any non-adaptive response. 

The present study compared the resistance to extinction of re- 
sponses in a single-unit T-maze in two groups which had been sub- 
jected to shock, one of which had then been fed at the locus of shock, 
and the second of which had not. As a control for the possibility 
that the feeding activity competed with the responses directly rather 
than by way of reducing anxiety, a similar comparison was made 
between the resistance to extinction in two groups of animals not 
subjected to shock, but otherwise trained under conditions identical 
with those for the two shock groups. 

The rationale of this study may be summarized as follows: when, 
under shock conditions, fixation of a response could be expected to 
occur, any diminution in the strength of that fixation as a result of 
feeding at the locus of shock could be ascribed either to direct inter- 
ference with the fixated habit or to interference with some process 
maintaining it. If it were shown that feeding did not interfere di- 
rectly with the habit, the hypothesis that its effectiveness in reducing 
fixation was the result of interference with or elimination of a main- 
taining mechanism (secondary reinforcement resulting from anxiety 
reduction) would be supported. 


EXPERIMENTAL PROCEDURE 
Subjects 


The Ss were 96 naive male rats obtained from three colonies maintained at the State Un'- 
versity of Iowa, as follows: 28 hooded and 28 albino rats—Psychology Department; 16 hooded 
rats—Anatomy Department; 24 albino rats—Pharmacology Department. The ages of the 
animals ranged from 57 to 75 days at the beginning of the experiment. An equal number o! 
animals from each colony and strain was assigned at random to each experimental condition. 
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Apparatus 


The apparatus was a single-unit T-maze constructed of unpainted white pine. Its sides 
were 34 in. high; its floor plan and other dimensions were as indicated in Fig. 1. The roof of the 
starting box, through which animals were placed in the maze, was of colorless plexiglas, as were 
the roofs of the stem and the choice point. The remainder of the maze was covered with } in. 
wire mesh. The doors were of plywood (with the exception of a plexiglas door dividing the choice 
point from the stem), and were operated vertically by E from behind a one-way screen situated 
in front of the apparatus. Black cloth curtains placed in front of the doors to the goal boxes 
prevented the Ss from noting the presence or absence of food in the goal boxes prior to their choice. 
' The starting box contained an end wall which could be pushed forward to move animals into 
the stem; a single continuous grid covered the floor of the stem and the choice point; separate 
grids covered the floors of the arms from the choice point up to either goal box. Each grid con- 
sisted of two separate lengths of no. 20 copper wire wound in alternate turns } in. apart about a 
piece of } in. bakelite. The floor and walls of the left goal box were covered with fine wire screen- 
ing; the right goal box was lined with cork matting. Use of these different cues was designed to 
accelerate learning by decreasing the generalization of reinforcement from one side of the maze 
to the other. 
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Fic. 1. Floor plan of maze. S—starting box; CP—choice point; G—goal box; 
D—door; dotted line in front of door—curtain; shaded area—grid 


Shock was produced by means of a direct current, the source of which was a type 6C6 pentode 
vacuum tube provided with a plate voltage of 650 volts. The magnitude of the current was 
adjusted by means of a variable bias voltage from a battery and its associated potentiometer. 
The grids could be independently activated by means of three single-throw knife switches. 
Variations in the bodily resistance of animals in series with this circuit produced no measurable 
change in the current. 


Preliminary training 


Prior to training all animals were given five days of habituation to the feeding regimen of 
the experiment; each received eight gm. of Purina Dog Chow in individual feeding cages once 
daily at the hour in the afternoon at which they were to be run. Three days of preliminary 
training were then given as follows: 

Day 1—Four trials in a straight alley (38 in. long and built of unpainted white pine) to food, 
consisting of a single small pellet (approximately .10 gm.) of dog chow. 

Day 2—Fifteen min. of exploration in the T-maze in groups of two or three, followed by four 
trials in the straightaway, through a black cloth curtain, to food. 

Day 3—Four non-reinforced trials in the T-maze, consisting of two runs to the right and 
two to the left. The first two runs were free; runs on trials 3 and 4 were forced when necessary. 
This procedure was followed in order to reduce to some extent any strong position preferences. 
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Method in learning series 


Beginning on day 4 all animals were given 10 trials a day for the remainder of the experiment. 
At the beginning of each day’s runs the animals were under a 20 to 21-hour hunger drive. The 
inter-trial interval was always at least 10 min. and the modal interval 15 min. On trial 1 of the 
learning series food was present in both goal boxes. An animal’s choice on this trial was assumed 
to define its preference and thereafter food was presented only on that side. Neither correct nor 
incorrect responses involved any delay; runs to the incorrect side were unreinforced either by 
the presence of food or by the presence of the food-container (a metal tray two inches square), 
Correction, i.e., retracing after an incorrect response, was not allowed. 

After 40 trials Ss were assigned at random to two experimental groups and to two control 
groups, and were then run for an additional 60 trials. The control animals continued under the 
same conditions as before; but the experimental animals, though continuing to receive food on 
their preferred side, were now administered a shock after choice * by means of the grids located 
in the arms of the maze. The grids on both sides were activated, so that these animals were 
shocked whether or not they continued their old response, i.e., the shock could not be avoided 
merely by a reversal of choice. On the first three trials shock was administered just as the 
animals were leaving the grid and entering the goal box; thereafter they were shocked as soon as 
they touched the grid. ‘The shock was progressively increased during the shock trials from an 
initial intensity of 50 microamperes to a final intensity of 140 microamperes. 

Since the experimental animals soon refused to approach the shock grid it was necessary to 
administer an occasional shock in the stem of the maze. The time allowed for a choice before 
shock was given in the stem was progressively reduced during the course of the shock trials from 
10 to three sec. This served roughly to equate the running times of the experimental and control 
animals and possibly influenced the strength of habits in the experimental group. 

During the shock trials the end wall of the starting box was moved forward at the beginning 
of each trial (for the control as well as for the experimental groups). Consequently, the shock 
could not be avoided by refusal to leave the starting box nor escaped by running back into it. 


Maze-feeding procedure 


As indicated above, both the experimental and control animals were divided into two groups. 
Half of the experimental animals and half of the control animals were fed in the maze immediately 
after the last trial of the learning series; the other half of these groups were not given this experi- 
ence. The feeding procedure was as follows: the door separating stem from choice point, the 
door (D’) leading to the incorrect alley and the door (D”) leading to the correct goal box were 
closed. The area thus circumscribed consisted of the choice point (4 in. X 4} in.) and the arm 
leading to the correct goal box (approximately 2 in. X 74 in.). Two grams of food were scattered 
on the grid, the roof above the choice point was removed, the animal was placed directly on the 
grid facing in the direction of the goal, and the roof was then replaced. The animal was allowed 
to feed for 10 min. and was then removed. ‘Two such feeding sessions about 14 hours apart were 
given. The maze was then carefully cleaned in order to eliminate any traces of food. 

At the end of this time the animals not fed in the maze were given their usual daily food 
ration and the others received an amount which, added to the food eaten in the maze, equalled 
their daily ration. 

The four subgroups will be designated as follows: SF, shock animals fed in the maze before 
extinction; S, shock animals not fed in the maze; NSF, non-shock animals fed in the maze before 
extinction; NS, non-shock animals not fed in the maze. The shock animals when considered as 





‘In order to investigate the effectiveness of anxiety elimination as a means of preventing 
fixation, it was first necessary, of course, to determine the specific conditions under which fixation 
could be clearly established. The use of shock after choice as well as a number of other procedures 
described in this section was decided upon only after rather extensive preliminary investigation. 
It is by no means believed that the finally-adopted procedure is the one calculated to produce the 
greatest possible degree of fixation under shock conditions. This procedure, however, proved 
effective. The fact that certain other procedures, some of which have been favorably reported 
elsewhere, proved less effective emphasizes the necessity for systematic investigations designed 
to determine the specific variables of which strength of fixation under shock conditions is a 
function. 
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a group will be referred to as the experimental group and the non-shock animals as the control 
group. 


Method 1n extinction series 


On the following day, approximately 21 hours after the last trial of the learning series, extinc- 
tion was begun. The food reward was shifted to the non-preferred side for each animal, and 
no shock was administered. All animals were run 10 trials a day under relatively distributed 
practice conditions (10 min. or more between trials) to a criterion of two successive responses 
to the non-preferred side, which now led to food. 


RESULTS 
Learning series 


Learning scores for the initial 40 trials of the learning series are pre- 
sented in Table I. Examination of these data reveals that the differ- 
ences among the four subgroups during these trials were negligible. 


TABLE I 


Mean NuMBER oF Correct Responses IN Four Groups DURING THE First 
40 TrIALs (Foop REINFORCEMENT ONLY) OF THE LEARNING SERIES 
(N = 24 in each group) 


























Experimental Group Control Group 
Ss SF NS | NSF 
M 38.50 38.71 39.08 38.25 
SD 2.08 1.72 1.25 2.83 





During the last 60 trials of the learning series, the experimental 
groups (S and SF) were shocked whereas the control groups (NS and 
NSF) were not. The mean number of correct responses made by 
each subgroup during these trials are presented in Table II. As in 


TABLE Il 


Mean NuMBER OF CorreEcT RESPONSES IN Four Groups DURING THE LAST 
60 (SuHock) TRIALS OF THE LEARNING SERIES 
(N = 24 in each group) 

















Experimental Group Control Group 
Ss | SF NS | NSF 
M 58.29 58.54 | 58.71 | 58.38 
SD 3.15 1.80 1.57 1.73 








the first 40 trials the mean total scores show no significant differences 
among the subgroups (the between-groups variance being smaller 
than that within groups). 

However, when comparisons were made between the experimental 
and control groups during shock trials on a day by day basis instead 
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of on the basis of total correct score, a somewhat different picture was 
presented. ‘lhe results of such a comparison are shown in Fig. 2, 
which gives the percentage of errors made each day by the experi- 
mental and control Ss throughout the learning series. 

It may be seen from these curves that during the period in which 
both groups were treated identically (first 4 days) their percentage: 
of errors were highly similar from day to day. However, during the 
shock period (last six days) the error curves differed considerably. 
Introduction of shock on day 5 for the experimental group was ac- 
companied by a sharp increase in errors for that group;° after 20 
shock trials this curve drops to a point somewhat below that of the 
control group. 
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Fic. 2. Percentage of errors made on successive days of learning series by experimenta! 
and control groups (N = 48 for each group). Days 1-4 involved identical treatments for both 
groups; days 5-10 involved shock for the experimental group, no shock for the control group. 


These results appear to be of some interest in relation to both 
regression theory and to fixation as defined in terms of response con- 
sistency. It is seen that although the error curve of the experimental 
group rose sharply when shock was introduced, the disruption of the 
on-going responses in these Ss was only temporary. In three animals 
whose results are not included in the present discussion shock effected 
a more permanent disruption of the on-going responses, so that these 
animals continued to run incorrectly throughout the shock trials.° 


* An increase in errors for the control group along with some variability from day to day 
during the shock trials should be noted. These phenomena do not ordinarily occur under non- 
shock conditions in this type of learning situation. In this instance it is probably attributable 
to the fact the control and experimental Ss were run concurrently. Cleaning of the grids follow- 
ing the occasional urination of the shock animals was observed to disrupt to some extent the 
behavior of the non-shock animals subsequently run in the maze: 

6 The subsequent behavior of these animals during the extinction series is believed to have 
important implications for a general theory of fixation. However, since the present study is 
concerned only with the behavior of the animals which continued to run correctly, the data for 
these Ss have been omitted. 
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Since the very large majority (48) of the shock animals showed no 
such disruption of behavior, previous findings with respect to the 
strong perseverative tendencies of strong habits even when shock is 
introduced are strongly supported. The additional fact that the 
mean number of errors during the shock trials was so similar in the 
experimental and control groups indicates that fixation defined in 
terms of response persistence may be an insensitive measure of habit 
strength when frequency of response nears 100 percent. In the pres- 
ent experiment the on-going habit represented an initially preferred 
response which was further reinforced by food for 40 trials. It was 
scarcely to be expected that the two groups would exhibit wide differ- 
ences in variability thereafter. The inadequacy of response con- 
sistency as a differential measure of fixation in this instance does not, 
of course, invalidate its use under other conditions. 


Extinction series 


The speed with which the original habit was extinguished under 
the four conditions is revealed in Table III, which gives the number 
of trials required by each S to reach the criterion of two reversals and 
the medians, means and SD’s of the extinction scores for each group. 

In order to test the hypothesis that response fixation, defined in 
terms of relative resistance to extinction, may result from the reduc- 
tion of anxiety, it was first necessary to demonstrate that Under shock 
there was greater fixation than under the non-shock condition. Ex- 
amination of the data in Table III shows that this condition was 
satisfied. ‘The S animals, it will be seen, required on the average 
many more trials to reach the extinction criterion than did the NS 
animals. ‘The extent of the difference is indicated not only by the 
measures of central tendency but also by the relatively small amount 
of overlapping between the two distributions. Thus, the largest 
score (17) for the NS group was below the 30th percentile score for 
group S, while the lowest score for the latter was at the median of the 
NS group. There can be little doubt that shock, as compared with 
absence of shock, was effective in fixating the originally learned 
response. 

If our major hypothesis with respect to the relationship of anxiety 
to fixation was correct, the elimination of the anxiety should have 
reduced the tendency to fixation. It was supposed that the feeding 
of the Ss in the anxiety-arousing situation would have this effect. 
We therefore turn to a comparison of the extinction scores of the 
experimental animals which were subjected to this ‘therapeutic’ treat- 
ment (feeding in the maze) with those which were not. 

Perhaps the most convincing proof that feeding at the locus of 
shock did reduce fixation, i.e., decrease resistance to extinction, 1s 
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TABLE III 


NUMBER OF TRIALS TO EXTINCTION FoR ALL Ss in Four SuB-GROUPS 




















S SF | NS | NSF 
Psychology Hooded | 11 17 8 10 
14 15 17 6 
12 3 7 12 
8 7 17 8 
57 7 5 10 
41 10 8 7 
48 4 7 5 
Psychology Albino 1g 10 6 7 
25 5 9 13 
63 26 6 19 
14 16 8 6 
24 21 10 8 
27 4 II 9 
33 4 8 4 
Pharmacology Albino 255° 19 5 7 
263* 3 1S 2 
15 6 6 3 
57 33 17 5 
33 3 17 9 
163 98 11 6 
Anatomy Albino 36 10 11 17 
193 3 8 28 
10 10 7 17 
46 27 11 10 
Mdn. 33 10 8 8 
M 61.12 15.04 9.71 9.50 
SD 74.09 19.24 3.83 5-75 














* These two animals refused to extinguish at all under the ordinary extinction procedure. 
After 25 days during which they ran 250 trials without a single reversal of their original habit 
their inter-trial interval was reduced to two min. Under this relatively massed condition, they 
reached the criterion within a short time. 


furnished by examination of the individual scores. Thus, it is seen 
that only two of the 24 members of the SF group had as large a score 
as the median animal in the S group; and conversely, only two mem- 
bers of the S group had as small a score as the median animal in the 
SF group. The differences between the measures of central tendency 
were strikingly large—almost as large, in fact, as those between the 
S and NS groups.. 





A t-test of the significance of the difference between the means of 
groups S and SF was not possible, since their variances differed 
greatly and the distributions departed markedly from normality. 
However, a number of other types of tests of significance were 
applicable. 
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Chi-square was employed in testing the hypothesis that the two 
groups were homogeneous with respect to the number of responses 
required for extinction. Classifying the number of animals in each 
group into those which required less than 15 trials to extinguish and 


those which required 15 or more trials, the following contingency 
table was obtained: ? 


No. Trials to Extinction S SF 
Below 15 6 15 
15 or above 18 9 


The x? value for these data is found to be 6.86, which, for one 
degree of freedom, is significant beyond the one percent level of 
confidence. 

If the results are analyzed by means of a technique suggested by 
Festinger (2) for determining the significance between means of 
samples drawn from positively skewed populations, it is found that 
the ratio between the means yields an F-value of 4.53, which for the 
degrees of freedom involved (33 and 29), is significant well beyond 
the one percent level. 

A further test of the mean difference between these groups was 
obtained by first transforming the original extinction scores into 
log log scores. ‘This transformation satisfied the requirements of 
normality and equality of variances in the two sets of scores and thus 
permitted the use of the t-test. The resulting t is 4.87, which, for 
46 d.f., is well above the value required for significance at the one 
percent level of confidence. 

The agreement among the results of these tests of significance 
afforded a very sound basis for rejecting the null hypothesis (that 
the groups did not differ in their extinction scores) and presented a 
convincing verification of our prediction that feeding at the locus of 
shock would reduce the tendency to fixation. There was reason to 
believe, in fact, that the feeding procedure not only reduced the degree 
of fixation in the SF group but on the average prevented fixation en- 
tirely. When the extreme score (98) in the SF group was omitted so 
that the conditions for the application of the t-test could be met, no 
basis was found for rejecting the hypothesis that the SF group did not 
differ from the two non-shock groups. Failure to obtain such a differ- 
ence is believed to lend even stronger support to the interpretation 
that fixation is, in the present experiment at least, closely related to 
secondary drive and its associated reinforcing mechanism. 

7 The value 15 represents the mean number of trials to criterion for SF animals. Other bases 
for dividing the groups might have been used. The distributions overlap so little, however, that 
it is difficult to find a score for this purpose which has some ordinary statistical significance and 
also permits conformity to the stricture that the theoretical frequency in each cell be greater 


than ten. For instance, use of the median of either group as the point of division results in 
higher values of x?, but does not allow a test involving theoretical frequencies greater than 10. 
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It has been proposed that this prevention of response fixation in 
the SF group was the result of interference with the mechanism of 
anxiety reduction which maintained the response, rather than the 
result of direct interference with the original response. ‘This latter 
alternative was tested by comparing the resistance to extinction of 
the NS and NSF animals. If the procedure of feeding in the maze 
directly affected the original response, weakening it in some manner, 
the means of these two groups should have differed. A t-test of the 
difference between the means yields a value of .15, which for 46 d.f. 
would be obtained by chance 80 to go percent of the time. The 
results therefore failed to support this alternative hypothesis and thus 
added credibility to our supposition that the decreased resistance to 
extinction of the SF group is to be attributed primarily to the elimina- 
tion of anxiety through feeding. 


Influence of colony differences on fixation 


Among the important variables found to be related to the strength 
of fixation of shock animals was the particular colony from which they 
were obtained [Examination of the individual scores in Table II] 
reveals that there were large differences between the animals bred in 
the Psychology laboratory and those obtained from the Anatomy and 
Pharmacology laboratories. 

TABLE IV 


MEANS AND SI)’s or PsycHoLoGY AND Non-PsycHoLtocy ANIMALS 
FOR Four EXPERIMENTAL CONDITIONS 











Psychology Animals Pharmacology and Anatomy Animals 
(N = 14 for each condition) (N = 10 for each condition) 

} 

| eee es ae 9 ee = | 

{ M SD M SD 
S | 28.29 17.11 117.10 92.82 
SI 10.64 6.98 21.20 | 27.48 
NS 9.07 3-58 10.80 4.17 
NSF 8.86 | 3-73 10.40 | 7.64 





Table IV presents the means and SD’s of the distributions of 
scores in the four sub-groups for the Psychology and non-Psychology 
animals separately. The differences between the hooded and albino 
strains in the Psychology group were negligible, and the relatively 
small V’s for each of the other groups did not warrant their separation 
for purposes of statistical analysis. Consequently, all Psychology 
animals were combined into one group, while all others were combined 
into the second. 

It is apparent that the most strongly fixated animals were those 
from Pharmacology and Anatomy. It might then be questioned 
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whether the difference obtained between the total S and SF groups 
was actually restricted to the non-Psychology animals and not found 
in the Psychology Ss. The t-test applied on the hypothesis that there 
was no difference between the S and SF animals from Psychology 
yields a value of 3.44, which, at 26 d-f., is well beyond the one percent 
level. Thus it is seen that a significant difference in the fixation of 
the S and SF groups was obtained in this more limited group of Ss.° 

The fact that the average strength of fixation in the non-Psychol- 
ogy Ss far exceeded that of the Psychology animals may be of no 
little significance for our theory. It will be recalled that our major 
hypothesis states that when fixation occurs as a result of shock, it is 
due to the reinforcing effect of anxiety reduction. Presumably, 
therefore, the degree of fixation is a function of the strength of the 
anxiety drive. Since anxiety is thought to be essentially a visceral 
response, the general emotionality of individual animals might be 
taken as an index of the amount of anxiety they would show in a 
given situation and consequently of the extent to which they would 
be likely to maintain non-adaptive responses in that situation. 

Note was made on alternate days of the learning series of all 
animals that defecated during the experimental period. Inasmuch 
as defecation is commonly regarded as a sign of emotionality, the 
number of Psychology and non-Psychology Ss respectively that 
defecated during the experiment (particularly during the initial learn- 
ing series, which involved only a routine learning situation) could be 
taken as a rough measure of the anxiety level of the two groups. 

The data showed that defecation occurred in 20 of the 56 Psy- 
chology animals and in 33 of the 40 non-Psychology animals. ‘The 
x? test of homogeneity based on these frequencies yields a value of 
20.6, which, for one d.f., is significant well beyond the one percent 
level. If defecation is accepted as a valid measure of emotionality, 
one may conclude that the non-Psychology Ss were more emotional 
than those from Psychology. 

There is considerable reason to believe that the Psychology ani- 
mals represented a population which has resulted from selective 
breeding for non-emotionality. Animals in psychological research 
that are difficult to handle, which refuse to run and which cannot 
learn maze and discrimination problems are usually discarded. ‘Those 
used as breeding stock, therefore, are precisely the ones which make a 
more rapid adjustment to new situations, i.e., are less emotional. 
This is presumably not the case with animals bred in laboratories in 
which behavior problems are not studied. In consequence, it was 
not surprising that Psychology animals showed less anxiety and there- 


® The difference of 95.90 between the means for the S and SF groups in the other animals 
was found, as might be expected, to be highly significant by the Festinger test. 
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fore fewer fixation tendencies than other animals, under the condi- 
tions of the present experiment. 


DIscuUSSION 


One of the bases for the belief that fixation is not to be explained 
in terms of learning principles appears to be the fact that any response 
elicited by shock tends to be fixated, regardless of its strength prior to 
the time shock 1s introduced. It is not difficult, certainly, from the 
point of view of learning theory, to explain why any response, once 
it has occurred, might persist during shock trials. Despite the fact 
that it may never have been previously reinforced, or may not cur- 
rently represent an efficient habit as far as immediate access to food 
is concerned, the fact that it leads to escape from shock would never- 
theless be an adequate basis for predicting its continuance. We 
should, however, examine more carefully the grounds for the claim 
that the likelihood of evocation of a particular response by shock is 
independent of its relative strength during the pre-shock period. 

Among the results tending to support this conclusion are data 
reported by Everall (1). She found that only one animal in ten 
shifted to a new response during shock trials after having learned a 
previous response to a criterion of 38 correct out of 40 trials, whereas 
two animals in ten shifted after having learned a previous response 
to a criterion of I11 out of 120 trials. In this instance it appears 
likely that the strength of responses learned to the lesser criterion 
generally sufhced to preclude successful competition of another re- 
sponse. It was not to be expected, therefore, that further training 
on these responses should make an appreciable difference. 

It is of interest in this connection to compare the results obtained 
by Everall with her 4o0-trial food-reinforcement group with those of 
the present experiment, which also involved 40 food-reinforced trials 
in the pre-shock period. Despite certain procedural differences which 
tended to minimize response shifting in our experiment, the percent- 
ages of animals showing disruption of response with shock were very 
similar, being 10 and six percent respectively, in the two experiments. 
It may be concluded that in these situations the tendency to disrup- 
tion of response (shifting to a response not previously reinforced) was 
slight indeed. Everall herself decided on the basis of additional 
studies that “‘when shock was administered before a choice point, the 
majority of animals reacted in the direction they had selected most 
frequently in the past” (1, p. 357). 

The results of a number of other experiments indicate that the 
relative strengths of habits have a decided influence on the tendency 
for those responses to be elicited in as-hock situation. Thus, Mowrer 
(14) and O’Kelly (19) found that animals continued their correct 
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response when shock was introduced if no other response had heen 
previously learned, whereas animals which had previously learned a 
different response tended to revert to it. Martin found that the 
greater the relative amount of training on an earlier habit, the less 
the tendency to persevere in a later habit during shock; he concluded 
that “other things being equal the amount of training on the responses 
involved will be the decisive factor in the occurrence of regression, 
and that native or unlearned preferences have no effects that cannot 
be counter-balanced by training” (10, p. 13). Kleemeier (6), who 
does not favor the view that the relative strengths of habits are an 
important factor in determining response to shock, nevertheless found 
that a much larger proportion of animals responded to shock by 
running to an alley which had been previously learned than by 
running to an alley which had not been previously learned. The 
weight of the evidence thus offers little support to the interpretation 
that the factors operating to produce responses under shock conditions 
are independent of those which determine responses in other ordinary 
learning situations. 

A second basis for the belief that fixation may represent an ab- 
normal phenomenon has been the observation that fixated animals 
may show considerable constriction of behavior. ‘Thus, in Klee- 
meier’s investigation it was found that when their fixated response 
was blocked, a great many animals refused to run altogether. ‘This 
behavior, according to Kleemeier, is not to be explained on the as- 
umption that shock choices are determined by their relative habit 
strengths. He writes: “If this were the determining factor then 
elimination of [the alley with] the highest excitatory value should 
merely cause a shift in behavior toward the alley with the next 
highest value” (6, p. 32). 

If the word ‘response’ had been substituted for the word ‘alley’ 
in this quotation, the position of the proponents of a learning inter- 
pretation would have been fairly stated. If one examines the condi- 
tions under which ten out of 16 animals in Kleemeier’s first experi- 
ment finally refused to run, one finds that this response was actually 
fairly low in the response hierarchy. It was elicited in these animals 
only after a long sequence (varying somewhat for two sub-groups) 
which included, during some 200 trials, the following order of events: 
(1) training in two different habits; (2) shock at the choice point; 
(3) blocking of any new responses elicited by the shock; (4) introduc- 
tion of delay of reward for the resulting habit; (5) removal of shock; 
(6) introduction of shock after choice; and finally (7) blocking of the 
then on-going habit. It is noteworthy that during this somewhat 
elaborate series of conditions, seven of the 16 animals experienced 
blocking of the alley to which they had initially responded when 
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shocked and all animals experienced blocking of the alley which they 
eventually fixated. It is scarcely remarkable, under these circum- 
stances, that 10 of the 16 Ss should have refused to enter any other 
alley. From the point of view of learning theory, one would have to 
consider the effects of such blocking, particularly the likelihood of 
their generalization to the other alleys in the maze. Such generalized 
extinction effects might be expected ® to produce just such failure 
of response as Kleemeier found. 

A final basis for the belief that fixation represents a non-learning 
phenomenon is its apparently unusual (abnormal?) strength. Thus 
animals may persevere in a response elicited under shock conditions 
for what may appear to be an ‘unreasonable’ length of time. For 
instance, in Kleemeier’s study, a comparison of the effect upon re- 
sistance to extinction of 50 food reinforced trials with that of a 
like number of shock trials revealed a truly impressive difference. 
Whereas no animal in his non-shock group required more than 12 
trials in which to discard a non-adaptive response (involving delay 
of reward), 15 percent of his shock Ss failed to discard the response 
in 50 trials. 

Comparable results were obtained in the present study. When 
the on-going response was made incorrect (no longer leading to food) 
none of the non-shock animals required more than 28 trials to reverse 
this response, despite the fact that it had been initially preferred and 
had been further reinforced for 100 trials by food reward. In the 
shock (S) group on the other hand, 29 percent of the animals per- 
sisted in the response for as many as §0 trials and 17 percent for as 
many as 150 trials, during which they went entirely unrewarded as 
far as food was concerned. 

It is this phenomenon of persistence of response in the absence of 
any apparent reward (goal) which seems most contrary to learning 
theory. Learned behavior, according to the widely accepted view, 
is goal directed, whereas fixated behavior appears to be merely repe- 
titious. It seems to continue without rhyme or reason, despite the 
fact that it may no longer be effective in escaping shock or reaching 
food or, in fact, achieving any apparent goal. 

We have proposed to explain such fixation in terms of principles 
derived from ordinary learning experiments. Assuming that the pain 
response (anxiety) may be conditioned to the cues contiguous with 
the noxious stimulus and that escape from this anxiety constitutes a 
reinforcing state of affairs, it is possible to explain many of the findings 
with respect to response fixation under shock conditions. 


*Cf. Hull (4), who deduces that “in certain situations the organism will give up seeking, 
i.e., cease making attempts, and thus fail to perform the correct reaction even when it possesses 
in its repertoire a perfectly correct excitatory tendency” (p. 13). 








FIXATION UNDER ANXIETY AND NON-ANXIETY 129 


It is important to note that the present treatment supplements an 
explanation of fixation in terms of habit strength alone. Although it 
is believed that escape from shock ordinarily constitutes a very strong 
reinforcement and probable results in habits of great strength, it 
would be possible under the present set of postulates to conceive of 
the fixation of a relatively weak habit so long as a maintaining mecha- 
nism resulting from anxiety reduction were operating. ‘This view 
appears to be most consistent with the common clinical observation 
that mal-adaptive habits may be readily extinguished if the anxiety 
aroused by the situations in which they occur 1s eliminated first. 

In view of the successful prediction of the results of the present 
study on the basis of the assumption of secondary reinforcement (and 
the likelihood that the same mechanism has operated as an uncon- 
trolled variable in a number of studies relevant to this problem), it 
would seem appropriate to conclude that the continuation of acts 
under conditions which might be expected to result in their extinction 
is, in fact, due to factors operating in ordinary learning situations. 
This possibility must be given serious consideration before the view 


is accepted that fixation is not explicable in terms of learning concepts 
and principles. 


SUMMARY 


The present study was concerned with the problem of the extent 
to which the persistence of a non-adaptive response in a shock situa- 
tion may be the result of uncontrolled secondary reinforcement re- 
sulting from anxiety reduction. The anxiety reduction hypothesis 
involves the following assumptions: 


1. Intense stimuli such as shock evoke in the organism certain 
responses, mediated largely by the sympathetic division of the au- 
tonomic nervous system, which produce an internal drive state. 

2. External cues present at the time of shock acquire the capacity 
to evoke these visceral responses and thereby the drive, which, when 
elicited in this manner, is termed ‘anxiety.’ 

3. Removal of these cues reduces the anxiety and therefore consti- 
tutes a reinforcing state of affairs. 


It follows from these assumptions that even after shock has been 
removed, the secondary reinforcement resulting from the reduction 
of anxiety following escape from the cues eliciting it may materially 
retard the extinction of any response closely associated with these cues. 

Among the implications of this theory is the consideration that 
the elimination of the anxiety in this situation should preclude the 
possibility of maintenance by means of secondary reinforcement alone 
of responses which are no longer adaptive. It was hypothesized that 
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feeding in a situation in which anxiety had been developed would be 
adequate to remove the anxiety state, thus eliminating this source of 
secondary reinforcement and decreasing the resistance to extinction 
of any non-adaptive response. 

To test these implications, two groups of 24 rats were given I00 
trials in a single-unit T-maze, with food reward in the goal box on 
their preferred side. During the last 60 trials these animals were 
shocked immediately after the choice point in the maze. At the 
completion of this training, one group was fed in the maze at the locus 
of shock for two ten-minute periods. On the day following this 1oo- 
trial learning series, the food reward was shifted to the goal box on the 
non-preferred side for each animal, and no shock was administered. 
All animals were run until their original response was extinguished, 
and the number of trials to extinction for the shock (S) animals and 
for the shock-fed (SF) animals were compared. 

As a control for the possibility that the feeding activity affected 
the original responses directly rather than by way of anxiety elimina- 
tion, two additional groups of 24 Ss each were trained under the 
conditions indicated above, but were not shocked. As in the case of 
the shock animals, one group (NSF) was fed in the arm of the maze 
immediately after the choice point, while the other group (NS) was 
not. These groups were then compared on the basis of the number 
of trials required to extinguish the original response. 

The following results were obtained: 


1. Responses of the S animals showed great resistance to extinc- 
tion as compared with those of the NS animals. 

2. Responses of the S animals were significantly more resistant to 
extinction than those of the SF animals. 

3. There was no significant difference in resistance to extinction 
between the responses of the SF animals and those of the two control 
groups. 

4. There was no significant difference in resistance to extinction 
between the responses of the two control groups. 


It was concluded that: 


1. The experimental conditions were adequate to effect fixation 
in the animals run under shock conditions. 

2. The feeding procedure was ‘therapeutic’ in that it prevented 
fixation in the average SF animal. 

3. The prevention of fixation in the SF group was the result of 
interference with some mechanism maintaining the fixated responses 
rather than the result of direct interference with the responses 
themselves. 
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On the basis of these considerations, the inference has been drawn 
that fixation resulting from shock may be the result of the operation 
of secondary reinforcement resulting from anxiety reduction, and 
therefore due to factors operating in ordinary learning situations. 


(Manuscript received April 7, 1947) 
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AN INVESTIGATION INTO THE CAUSES OF 
RETROACTIVE INTERFERENCE 


BY CHARLES E. OSGOOD 


University of Connecticut * 


INTRODUCTION 


‘Transfer and interference in the successive learning of verbal ma- 
terials by human Ss have been studied extensively, many recent in- 
vestigations in the field being directed toward discovering the causes 
of retroactive interference.! ‘The work of McGeoch and his associates 
(3, 6, 7, 8) has offered evidence for a competition of response theory 
which originates in experimental evidence showing retroactive inter- 
ference to increase with the degree of similarity between original and 
interpolated materials. According to this view, a response is inter- 
fered with when another takes its place, overtly or implicitly. Gib- 
son’s generalization hypothesis (1) refines this theory and formulates 
it in conditioning terms, rendering more specific and predictable the 
conditions under which more or less interference may be expected. 
Melton and others (9, 10, 20) have demonstrated that part of the 
total interference must be attributed to factors other than competition 
at the point of recall, one such factor being tentatively identified as 
unlearning of the original responses during interpolation. 

Competition and unlearning processes are combined in what is now 
known as the two-factor theory, in which one factor is the competition 
of original and interpolated responses at the point of recall and the 
other is the unlearning of the original responses during interpolation. 
This is still a competition theory of retroaction, since the effect oi 
unlearning is to reduce the effectiveness with which the original re- 
sponses compete at the time of recall. One hypothesis arising from 
the two-factor theory is that proactive interference (PI) should be 
less than retroactive interference (RI), and this has been verified in 
two investigations (8, 10). Another hypothesis, arising from the 
observation that unlearning is restricted largely to the first few inter- 

* This research was conducted in the Psychological Laboratory of Yale University, and the 
writer wishes to express his gratitude for the time and facilities provided there. The writer 
also wishes to express deep gratitude to Davis H. Howes who served not only as experimenter 
but also as intellectual catalyst. 

1 Interference is used here rather than the more usual term, inhibition. The term actually 
refers to an observed decrement in learning or recall and not to a process. The observed decre- 


ment may or may not be due to inhibition. Henceforth in this paper the term interference wil! 
mean observed decrement and the term inhibition will be reserved for the psychological process. 
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polated trials, is that the difference between PI and RI should be con- 
stant beyond the first few trials, and this has also been verified (20). 

In terms of this evidence, the two-factor theory appears adequate 
to incorporate the relevant phenomena. However, a recently pub- 
lished article by the writer (12), using meaningful materials in the 
traditional retroactive interference paradigm, found similar inter- 
polation to result in less interference than neutral or opposed ma- 
terials. Since the similarity of responses is presumed to determine 
the degree of competition among them and hence the amount of RI, 
this finding casts doubt upon the adequacy of the two-factor theory. 
Furthermore, in this study it was found that, although similar ma- 
terials produced less total interference, these materials showed the 
greatest frequencies of interlist intrusions, for both proactive and 
retroactive situations; thus neither unlearning nor competition fac- 
tors, as indexed by such intrusions, were capable of explaining the 
difference in total RI. ) 

The present study duplicates the general design used by Melton 
and Irwin (g) in that, after equated learning of the original materials, 
varying degrees of interpolated learning are given to different groups 
of subjects. But, whereas Melton and Irwin used neutral nonsense 
materials, the present investigation compares the interference effects 
of similar and opposed meaningful materials. Significant differences 
are found between these two types of material, both in terms of total 
proactive and retroactive interference and in terms of the relative 
frequencies of blanks and intrusions, and the two-factor theory does 
not incorporate the findings. 


METHOD 


Since essentially similar general procedures and apparatus were employed in a previously 
reported study (12), the reader is referred to that source for further details. In the present 
experiment sets of 14 paired-associates were learned by 80 Ss, students in the writer’s introductory 
psychology courses, by the anticipation method in which the stimuli were letter-pairs such as t.g. 
and the responses were common adjectives. The traditional retroactive interference paradigm 
was followed (A—B; A—K; A—B), in which one experimental variable was the meaningful rela- 
tionship between B and K adjectives (similar or opposed in meaning) and the other variable was 
the degree of interpolated learning. The experiment was so designed that each S learned inter- 
polated materials having seven words in each meaningful relation to the original materials, and 
each word in the original learning had interpolated (with an equal number of Ss) a meaningfully 
similar and meaningfully opposed word. This balance of materials was preserved identically for 
all degrees of interpolated learning; one group of Ss practiced to a criterion of one correct anticipa- 
tion of 10 out of the total 14 words, another group of Ss toa criterion of two correct anticipations, 
a third group to a criterion of four correct anticipations, and a final group practiced to a criterion 
of eight correct anticipations of 10 of the total 14 words. There were 20 Ss in each group. In 
this manner individual Ss and individual words serve as their own controls for comparisons be- 
tween similar and opposed conditions. The other variable, degree of interpolated learning, is 
controlled for the selection of learning materials but not for the selection of Ss. 

I. Materials.—The adjectives used in the experiment were within the functioning vocabulary 
of the average college sophomore and were of roughly equal length and familiarity. The words 
selected by E as similar and opposed in meaning to the original list words were the same as used 
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in the earlier experiment, and £’s selection was validated with high consistency by a group of 20 
judges at that time. Words called similar in meaning to the original words are not synonyms 
(by the criterion of being listed as such in dictionaries of synonyms and antonyms), but they do 
have the same feeling-tone and are to a large extent interchangeable descriptively, as for example 
dejected-low, free-open, weighty-serious, and tense-hard. Words selected as opposed in meaning to 
the original words are not antonyms (by the same criterion), but they do have opposed feeling- 
tone, as for example dejected-high, free-closed, weighty-humorous, and tense-soft. 

Table I presents all the adjectives used in the experiment in terms of their meaningful rela- 
tions. Forty Ss (10 in each interpolation group) learned one set of 14 words as original materials 
(O.L.1), while the other half of the Ss learned as original materials the direct opposites of these 


TABLE I 


ApJECTIVES EMPLOYED IN THE EXPERIMENT IN TERMS OF THE MEANINGFUL 
RELATIONS BETWEEN ORIGINAL AND INTERPOLATED MATERIALS 











Interpolated Learning (I.L.) 

Meaningful Relations with O.L.: 
Stim. O.La . ° O.L.2 

Meaningful Relations with O.L.: 

O Ss 

c.m. elated high low dejected 
f.s. tense hard soft relaxed 
g.l. free open closed restricted 
h.v. dainty clean dirty coarse 
j.y. robust solid flimsy puny 
k.t. neat clear hazy messy 
d.m skillful quick slow awkward 
p.j. distinct sharp blunt blurred 
q.r. slender airy solid stout 
t.g. drowsy dead alive alert 
v.k. weighty serious humerous spritely 
W.p. boorish rough smooth gracious 
x.n. rounded graceful clumsy angular 
y-b. pale sickly healthy brilliant 

















words (O.L.3). Since identical sets of interpolated materials were learned in both cases, a further 
control over the selection of words is provided: Each interpolated word having a similar meaning- 
ful relation to a given word on O.L., necessarily has an opposed meaningful relation to its opposite 
on O.L.2; thus identical words are made to function in both similar and opposed meaningful 
relations. For example, the interpolated word high is similar in meaning to elated (the word 
having the same stimulus, ¢.m., on O.L.,) while it is opposed in meaning to dejected (the word 
having the same stimulus on O.L.2). 

Il. Design.—In Table I the materials are arranged in terms of their meaningful relations. 
The actual experiment was designed so that the interpolated materials learned by each S would 
include an equal number of similar and opposed words. ‘This minimizes the likelihood of the S’s 
developing a ‘set’ for a given type of meaningful relation. The rotational design employed may 
best be seen by referring to Table II which shows the distribution of Ss among the experimental 
conditions. Groups of five Ss received identical treatment, learning the same original and inter- 
polated sets as well as having the same degree of interpolated learning. Of all 20 Ss having the 
same degree of interpolation (i.e., 1 IR), 10 learned O.L.; and 10 learned O.L.2. Of the 10 Ss 
learning O.L.:, half had I.L.; and half had I.L.s, the latter word’ being the direct opposites of 
those on I.L.;.. The ro Ss learning O.L.2 are halved for the interpolation in the same manner. 

Concrete illustrations will help clarify the nature of this design. Subject R. S. first learns 
O.L.; he then learns I.L.: to a criterion of 4 correct anticipations of 10 of the total 14 items; he 
then is given five relearning trials on O.L.:. Five other Ss follow this identical procedure. Fol- 
lowing a single item (one stimulus and its varied response adjectives) through the design, it may 
be seen that whereas half the total 80 Ss have c.m.—elated as an original paired-associate, the 
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TABLE II 


Desicn or ExperRIMENT: DistrIBUTION OF SUBJECTS AMONG LISTS OF 
MATERIALS AND DEGREES OF INTERPOLATION 






































1IR 2IR 4 IR 8 IR 
Total 
Ss 
I.Lea I.L.s I.L.i I.L.s I.La I.L.s L.L.s I.L.s 
O.L.; 5 5 5 5 5 5 5 5 
c.m.—elated ¢.m.— | c.m.— | ¢.m.— | c.m.— | c.m.— | c.m.— | c.m.— |¢.m.—] 40 
high low high low} high low high low 
O.L.2 5 5 5 5 5 5 5 5 
c.m.—dejected | c.m.— | c.m.— | ¢.m.— | c.m.— | c.m.— | c.m.— | c.m.— | c.m.— | 40 
high low high low} high low} high low 
Total Ss 20 20 20 20 80 














other half learn c.m.—dejected. Of those who had c.m.—dejected as an original pair, half learn 
c.m.—high and half c.m.—low as one of their interpolated paired-associates, and the same division 
is true for those who originally learned c.m.—elated. 

Thus (1) each S learned an equal number of similar and opposed relations, thereby serving 
as his own control; (2) each word on O.L. had interpolated, with an equal number of Ss for each 
degree of interpolation, a word of similar meaning and a word of opposed meaning, thereby serving 
as its own control; and (3) identical materials were used for all degrees of interpolated learning. 
The only major variable not controlled by this design is the assignment of Ss to the various degrees 
of interpolation. Since these assignments were made more or less at random, it was expected 
that this variable would be of no significance; in any case, it could not affect the differences 
between similar and opposed materials. 

III. Apparatus.—The apparatus used in this series of studies has numerous advantages over 
the usual memory drum and has been described in detail in the earlier report (12). The S sits 
facing a dull-black plywood screen in which is a window wherein the learning materials are pre- 
sented. The stimulus letters and response adjectives are printed in large block type on thick 
cards, one card for each paired-associate, and these cards are moved out along a continuous screw 
at a constant rate, one card dropping from the end of the screw every eight seconds. The subject 
can only see the front card. The presentation window is divided into left and right halves by a 
thin bar, the stimuli appearing on the left and the responses on the right. In the presentation 
of a given paired-associate, the stimulus member appears first for four sec., the right-hand half 
of the window being covered by a shutter; then, for a two-sec. period, the response member is 
revealed as well; there is then a final two-sec. period with the entire window covered by the shutter, 
during which time that card drops and the next in order is revealed. 

This apparatus makes possible continuous randomization of the items during learning; this is 
accomplished by shuffling the item cards after each trial, thus avoiding serial effects. It is also 
possible with this apparatus to equalize the degree of learning of the various items within the set 
being learned; this is accomplished by dropping items from the set as they are mastered to the 
requisite criterion. The items still to be mastered drop from the end of the rotating screw onto 
a tray in the middle level of the apparatus box. When an item is anticipated correctly at the 
criterion level, E presses a foot pedal which draws this tray back and allows that card to drop 
through to the lowest level of the apparatus box, thus segregating mastered and unmastered items. 
In both the original and interpolated learning, after S has mastered 10 of the 14 items, one review 
trial is given with all items included, this being done to equalize as much as possible the degree 
of learning of the items mastered early with those more recently mastered and those still not 
quite learned. 

IV. Procedure.—Following the retroactive interference paradigm, the general procedure was 
as follows: Each S first learned one set (O.L.) of 14 items to a criterion of one correct repetition; 
then a second set (I.L.) of 14 paired-associates was learned to a criterion of one, two, four, or 
eight correct anticipations; finally the S was given five trials on the original materials, the first 
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being a pure recall trial and the others necessarily involving relearning. The paired-associates 
were learned by the anticipation method in which the S, presented with the stimulus, must antici- 
pate the correct word by making the correct response out loud before the word actually appears. 

The instructions read to the Ss in this study were practically identica! with those used for 
the previous investigation (12) and are not quoted here. They emphasized the need for speed 
in responding and that guessing would not be penalized. Preceding both the original learning 
and the interpolation the Ss were given one familiarization trial (on which results were not 
recorded) and instructed to read both the stimuli and responses out loud as they appeared, this 
being done only on the familiarization trial. 

V. Significant aspects of the method.—Certain significant details in the method need clarifica- 
tion. (1) The timing of the stimulus and response members in such a way that the stimulus is 
exposed for four seconds was designed to permit a rough measure of the latencies (reaction-times ) 
as a different, and perhaps more sensitive, measure of response strength than mere presence or 
absence of the correct response. The activation of an electromagnetic coil within the apparatus 
produced a sharp and distinctly audible click every two secs. If the correct response was made 
between the first click (appearance of the stimulus) and the second, it was scored ‘1’; if the correct 
response was made between the second click and the third (appearance of the response word), 
it was scored ‘2’; if it occurred after the third click or failed to occur entirely, a ‘blank’ was re- 
corded. All incorrect reactions (intrusions) were also recorded along with their latency scores. 

(2) The degree of interpolated learning was based on the number of correct anticipations rather 
than the number of trials. This method was felt to be superior in that all items are brought to 
roughly equal levels of learning, and this is important where the frequencies of blanks and intru- 
sions are to be used as indexes of the causes of interference. A few poorly learned items in an 
eight-trial list may result in intrusions which obscure important trends. A correct anticipation 
is here termed a reinforcement, and hence the degrees of interpolated learning are symbolized 
as 1 IR, 2 IR, 4 IR, and 8 IR. 

(3) The selection of 1, 2, 4 and 8 interpolated reinforcements as the degrees to be used was 
based on the findings of the previous study. That experiment had shown that, with a criterion 
of one correct repetition on the original learning and two correct on the interpolation, Ss could 
make about 75 percent correct responses on the review trial of the interpolation. On this basis 
it was decided that four times as much interpolation (8 IR) would be adequate in the present 
experiment, which has proven to be the case. 

(4) Although the total time required for interpolation varied considerably with the degree 
of interpolated learning, no rest intervals were provided to equate the time elapsing between original 
learning and recall. Rather, as soon as an S was through with the interpolated learning, regard- 
less of the time required, he went directly into the relearning of O.L. This was done for two 
reasons. First, modern theories generally attribute forgetting to what happens in time rather 
than to any function of time itself, and it seems wiser, therefore, not to permit variable ‘rest’ 
periods wherein S’s activities are beyond experimental control. Second, Twining (19) has com- 
pared conditions under which the period between O.L. and its recall is held constant (by rest 
periods) with conditions where time is allowed to increase with the amount of interpolated learn- 
ing; no appreciable differences were found, thus verifying the theoretical expectation. 


RESULTS 


Two different measures have been utilized to indicate the degrees 
of proactive and retroactive interference yielded in the various condi- 
tions of this experiment. (1) Number of correct responses, taking into 
account only the presence or absence of correct responses within the 
time limits established, and (2) speed of responding, using latency 
(reaction-time) as an index of habit strength. In the former case 
interference is indicated by a decrease in the number of correct re- 
sponses; in the latter case interference is indicated by an increase in 
the latency (i.e., slowing down) of responses. The latency measure 
was used in the previous study in this series (12) with satisfactory 
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results. Recently Postman (13) has evaluated reaction-time as a 
measure of retroactive interference, finding it to be a sensitive measure 
which did not, however, correlate directly with number of correct 
responses. Inthe present experiment, speed of responding was deter- 
mined in the following manner: For a given trial under a given condi- 
tion (similar or opposed materials) and for a given degree of interpola- 
tion, the percentage that ‘1’ correct responses (i.e., fast reactions) are 
of all correct responses (i.e., fast and slow reactions combined) was 
computed, this percentage indexing the mean speed of responding. 
The larger the percentage, the greater the average speed of respond- 
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Fic. 1. Interpolated learning: mean number of correct responses (upper) and percent 
fast correct responses (lower) for rst I.L. trial and I.L. review trial 
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ing. It should be noted that this measure takes into account only the 
latency factor, being based solely upon correct responses. 

In the following section on results, the major findings will be put 
in italics, such portions serving as a summary of the section. 

I. Interpolated learning —Mean number of correct responses 
(upper portion) and mean speed of responding (lower) are given in 
Fig. 1 for both the 1st I.L. trial and the I.L. review trial, results for 
the similar condition being indicated in smooth lines and those for the 
opposed condition in dashed lines. The significance of differences 
between similar and opposed materials is estimated by the t-values 
shown in Table III. In computing the significance of these differ- 


TABLE III 


INTERPOLATED LEARNING: SIGNIFICANCE OF DIFFERENCES BETWEEN SIMILAR 
AND Opposep MATERIALS IN TERMS OF t-VALUES 














Number Correct Responses Speed of Responding 
t level t level 
ist I.L. Trial 
1IR —* —* 1.29 11% 
2IR _ — 1.61 6% 
41R _ — 1.61 6% 
8 IR 1.14 14% 1.57 7% 
All Groups 1.12 13% 3.02 1% 
I.L. Review Trial 
1IR — —_ — _ 
2IR — — — — 
41IR — — 71 _ 
8 IR 62 -- — — 

















* Not computed, as differences smaller than those given. 


ences, both here and in the retroactive situation, it was possible to 
employ a formula which takes into account the inter-subject variance.’ 
It will be recalled that in the design employed each S learned an equal 


2 The formula used was 
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in which d is the difference in number of correct responses (or percentage of ‘1’ correct responses) 
between similar and opposed materials for a single S, and n is the number of such differences 
(i.e., the number of Ss). In the case of the retroactive results, deviations from the performance 
on the O.L. review trial were used instead of raw numbers of correct responses (or raw percentages 
of ‘1’ correct responses). In determining all significance values a ‘single-tail’ t-table was used, 
indicating the significance of differences in a given direction. 
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number of similar and opposed interpolated responses, thus serving 
as his own control. The formula used takes into account the cor- 
relation between similar and opposed values due to inter-subject 
differences. 

(1) Differential proactive interference on rst I.L. trial. In terms 
of the number of correct responses, there are no significant differences 
between similar and opposed materials for any group of Ss on the Ist 
I.L. trial where such proactive interference should be greatest. 
However, as shown in Fig. 1, where differences occur they show more 
interference for opposed materials. On the other hand, when speed 
of responding is used as the measure, the opposed condition is found 
significantly slower for all except the 1 IR group, even this difference 
approaching the Io percent level. Further inspection of the t-values 
in Table III shows that when all groups are combined (which is legiti- 
mate on the first I.L. trial, since differential degrees of interpolated 
learning have not been given), differences between similar and op- 
posed materials are significant at the one percent level for speed of 
responding and at the 13 percent level for number of correct responses. 
It is apparent that meaningfully opposed responses suffer greater pro- 
active interference than meaningfully similar responses, the effect being 
most marked when speed of responding 1s the measure. 

(2) Strength of interpolated habits, as indexed by the I.L. review 
trial. ‘The purpose of varying the criterion number of correct antici- 
pations on the interpolated learning for the four groups of Ss was to 
insure differential strengths of these interpolated habits. That the 
procedures were effective in accomplishing this is evident from the 
negatively accelerated curves obtained on the I.L. review trial, for 
both number and speed measures, as shown in Fig. 1. The equality 
between similar and opposed materials was re-established by the con- 
clusion of interpolation; referring to the t-values in Table III, there 
are no significant differences between similar and opposed materials on 
either measure by the I.L. review trial.® 

II. Retroactive interference-—Immediately following the review 
trial on the interpolated learning, S began relearning the original 
materials, all 14 items being included on every trial. The retroactive 
results are computed in terms of % RI in order to take into account 
slight variations in the degree of original learning for 1 IR, 2 IR, 


3 Although there are no significant differences on the I.L. review trial, the consistently 
greater speed for opposed responses for all degrees of interpolation suggests that other than chance 
factors are involved. Paradoxically, it appears that the final greater speed of making opposed 
responses is due to their initial slowness. The opposed materials required more trials of practice, 
on the average, to reach the same criterion, with the exception of the 2 IR group. Since items 
were dropped from the list when the criterion was reached, this means that similar words tended 


to be removed earlier and hence could suffer weakening of habit strength through a longer period 
before being tested on the review trial. 
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4 IR and 8 IR groups. In determining % RI, the usual formula 


X —R 
4 RI = — 


was used with one major exception. Whereas R is conventionally the 
score for the ‘rest’ or so-called ‘control’ group,‘ in the present case R 
1s the score on the review trial of the original learning, no ‘rest’ condition 
having been employed. X is the score on a given relearning trial. 
(1) % RI as measured by number of correct responses. Table IV 
presents the average % RI values for the five relearning trials for the 
four degrees of interpolated learning, based on the number of correct 
responses made. Results for similar and opposed materials are segre- 
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Fic. 2. Relearning: % RI based on mean number of correct responses 
for relearning trials Nos. 1, 2 and 5 


gated. ‘The lower portion of the table gives the significance of the 
differences between similar and opposed materials in terms of t-values 
and their levels of significance. Fig. 2 provides graphic representa- 
tion for the results on trials Nos. 1, 2 and 5. 


‘This conventional method reflects a stage in theory when time itself was postulated as a 
cause of forgetting, rather than processes occurring in time. That ‘rest’ conditions are actually 
a different type of ‘work’ condition is shown by the fact that they are quite regularly followed 
by decrements in recall (cf., Underwood, 20), except under special conditions yielding reminis- 
cence. The practical justification, that results of various experiments are rendered comparable, 
implies that the interference effects of the work during ‘rest’ will be constant, which appears most 
unlikely since the character of the ‘rest’ activity depends entirely upon the whims of the £, some 
requiring their Ss to read College Humor, others having them learn color-names, and still others 
having them work on jigsaw puzzles. The method employed here has the added advantage that 
each S serves as his own control, making possible the use of statistical procedures which take into 
account inter-subject variability. 
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TABLE IV 


RELEARNING OF O.L. as MEAsuRED BY NuMBER OF Correct Responses: ©; RI Vatvues 
AND SIGNIFICANCE OF DIFFERENCES FOR SIMILAR AND Opposep MATERIALS 











% RI: Relearning Trials 





























No. 1 No. 2 No. 3 | No. 4 N 5 
S | O S Oo S O S oO S O 
1IR | —2q | —32 | 15 15 39 27 | 43 | 39 72 56 
2IR —36 | —27 6 7 2 25 | 46 55 s9 64 
41R —40 | —I5 4 15 33 so. 6||CO6t so «|:~CtCO6 83 
8 IR —4I —40 2 Oo 2 | 8 | 58 34 | 68 40 
Significance of Differences: Relearning Trials 
No. 1 No. 2 No. 3 No. 4 No. § 
) ; 
t level t level t level t | level t level 
Se — ee _ 
1IR JI _— .0O 125 — .20 —- 67 
2IR 47 — .00 — 55 — .67 — 52 — 
41R 2.08 3% 35 — 1.00 — 43 — 1.48 8% 
8 IR .78 — 10 —- 1.07 — 2.18 2% 1.67 6°; 
































When number of correct responses is the measure, the similar 
condition yields typical (9, 10, 18) retroactive results: % RI is a 
negatively accelerated increasing function of the amount of interpo- 
lated learning, and recovery is somewhat more rapid with high degrees 
of interpolation. Opposed materials give a very different pattern, 
mainly due to the relative superiority of the 4 IR group. Since this 
group is somewhat atypical throughout the data, it is doubtful if 
much weight should be given to this anomalous trend. ‘Turning to 
the differences between similar and opposed conditions, on the Ist re- 
learning trial, with the exception of the 4 1R group, there are no significant 
differences 1n amount of retroactive interference as measured by the 
number of correct responses. With the highest degree of interpolation, 
8 IR, opposed materials yield more interference than similar materials, 
differences being significant at about the five percent level on trials 
Nos. 4 and 5. For both types of material retroactive interference is 
limited to the first (recall) trial, relative facilitation being found on 
trial No. 2 and beyond. 

(2) % RI as measured by speed of responding. Table V and Fig. 3 
present equivalent data using speed of responding as a measure. ‘The 
opposed condition yields typical retroactive results, as evidenced by 
the negatively accelerated curve for the Ist relearning trial in Fig. 3. 
For all degrees of interpolation, interference for opposed materials 
persists through the second relearning trial. Conversely, the major 
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effect of interpolating similar materials on the speed of responding is 
facilitative. Only the 2 IR group shows a speed decrement from the 
QO.L. review trial level, and the degree of facilitation tends to be 
greater with higher amounts of interpolation on all relearning trials. 
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Fic. 3. Relearning: % RI based on percent fast correct responses 
for relearning trials Nos. 1, 2_and 5 


The fact that trial No. 2 shows greater interference than trial No. 1 
for the similar condition is difficult to explain; it may indicate that 
self-produced aids in discriminating between the lists were dropping 
out. (Ss were told, at the end of interpolation, that they were going 
back to the first list.) 

Turning finally to the significance of differences between similar 
and opposed conditions, as evaluted in the table of t-values (lower 
portion of Table V), it may be seen that on the Ist relearning trial, 
where retroactive effects should be maximal, all degrees of interpola- 
tion except the lowest, 1 IR, show similar materials to produce sig- 
nificantly less interference than opposed materials, the P-values cor- 
responding to the given ?#’s being .97, .92 and .g2 for groups 2 IR, 
4 IR and 8 IR.6 Although differences on trials other than the first 


5 It is likely that these estimates of significance for speed of responding are underestimated. 
In order to utilize a statistical analysis which takes into account inter-subject variance, it was 
necessary to compute % ‘1’ correct responses for individual Ss. The total possible number of 
correct responses in each meaningful condition for each S was only seven, and many speed per- 
centages were based on totals as small as one or two. This results in extremely high variability 
among the values from which #t’s were obtained, as well as slight changes in mean values. 
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TABLE V 


RELEARNING OF O.L. as MEAsuRED BY SPEED OF RESPONDING: ©% RI VALUES AND 
SIGNIFICANCE OF DIFFERENCES FOR SIMILAR AND Opposep MATERIALS 


















































% RI: Relearning Trials 
No. 1 No. 2 No. 3 No. 4 No. § 
s | o S Oo s | o S | O S | O 
1IR 5 | 10 —-6 | —I10 2 | 7 10 13 22 | 22 
2I1R —6 — 23 —16 —8 Oo | 8 16 | 23 21 | 20 
4 1R 27 | —%4 16 —7 14 —2 |} 18 | 3 33, «| OS 
8 IR 7 | 2% 15 —6 11 7, i 83 | 19 30 «|~« «(21 
} | . 
| Significance of Differences: Relearning Trials 
| ee Se ee ee 
No. 1 No. 2 No. 3 No. 4 | No. § 
t level t level t level t | level | t | level 
1 IR 13 — 61 — .68 — 70 — .22 
21R 1.94 3% .28 — 41 — O04 — JI — 
4 1R 1.44 8% .76 — .20 — .06 — ao 
8 IR 1.43 8% 61 — 32 — .0O — 31 - 
































are not significant, with high degrees of interpolation (4 and 8 IR) 
similar materials show less interference than opposed materials 
throughout all five relearning trials. 

When speed of responding 1s the measure, the interpolation of opposed 
materials leads to significantly greater retroactive interference than the 
interpolation of similar materials. Increasing the amount of inter- 
polated learning affects the two types of material in opposite ways, tend- 
ing to produce greater interference with opposed material and greater 
facilitation with similar material. 

Ill. Analysis of types of errors made.—Whenever the correct re- 
sponse is not made, some indication of the reason for this failure is 
available. The response may simply not occur, in which case a 
blank is recorded; a word may be intruded from within the list being 
practiced, intralist intrusion; a word may be intruded from outside 
the experimental materials entirely, extralist intrusion; some word 
from the list previously practiced may be intruded, and this may be 
either an unrelated interlist intrusion (correct and intruding responses 
having been associated with different stimulus members) or a related 
interlist intrusion (correct and intruding responses having been asso- 
ciated with the same stimulus member). ‘The frequencies of these 
various types of errors serve as indexes of the theoretical causes of 
interference, and the implications of the following findings for theory 
will be elaborated in the discussion section. Due to limitation in 
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space, frequencies of blanks and intrusions under the various condi- 
tions are not completely tabularized. 

(1) Errors made during interpolation. On neither the first I.L. 
trial nor the I.L. review trial are differences in types of errors of any 
magnitude found between similar and opposed conditions. On the 
[.L. review trial frequencies of all types of errors are found to decrease 
progressively as the amount of interpolated learning is increased, 
merely reflecting the fact that more correct responses are being made 
as the lists become better learned. Related interlist intrusions (for 
all interpolated trials combined) do not increase regularly with the 
degree of interpolation and they account for only two percent of all errors 
in each interpolation group. Since such intrusions are a direct index 
of the unlearning factor, it would appear that this factor plays a very 
minor role in this experiment. 

(2) Errors made during relearning. ‘This experiment also reveals 
the commonly reported phenomena which lead Melton and Irwin (9) 
to conclude that some factor other than competition at the point of 
recall must be operative. Failures of response (blanks) increase while 
interlist intrusions decrease, as the amount of interpolated learning 15 
increased, these effects being most marked on the Ist trial where retro- 
active interference is maximal. Furthermore, related interlist intru- 
sions occur most frequently in the similar condition. 

(3) Effect of interpolation upon errors made on original materials. 
Performance on the O.L. review trial provides a convenient evaluation 
of the pattern of errors being made at the conclusion of the original 
learning. After the interpolated activity, the Ss return to O.L., and 
the performance on the Jst relearning trial may be compared with 
that on the O.L. review trial to demonstrate the effect of interpolation 
upon the types of errors made. Since no interlist intrusions appear 
during the original learning and since extralist intrusions are of insuffh- 
cient frequency for analysis, only intralist intrusions and blanks may 
be compared in this manner. 

Table VI presents the relevant data. Percentages that intralist 
intrusions and blanks are of all errors made on these trials are also 
included. From the last (review) trial of the original learning to the 
first (recall) relearning trial on the same materials, intralist intrusions 
are reduced by approximately half while failures of response (blanks) 
increase markedly. Although an increase in failures of response would 
be expected to result from interpolation, the large decrease in intralist 
intrusions is a surprising and hitherto unreported phenomenon 
(frequencies of intrusions during original learning are not usually 
measured). 

(4) Distribution of errors through the temporal course of relearning. 
While raw frequencies of errors can be used for comparisons among 


Hh wm ®\ a RR £be 


Pye ean? FF 








CAUSES OF RETROACTIVE INHIBITION 145 


TABLE VI 


Raw FREQUENCIES AND PERCENTAGES OF INTRALIST INTRUSIONS AND FAILURES OF 
Response on O.L. Review TriaAt ComparepD WITH First RELEARNING TRIAL 














11R | 21R | 41R | 8 IR 
7 | ma 1a a | ; : 

| N | % N % | N | % | N | & 

Intralist 
O.L. Review 72 43 68 45 51 35 45 | .33 
ist Relearning 36 18 33 17 35 19 | 34 } «17 

| 

Blanks | 
O.L. Review 84 50 81 54 84 57 89 | 64 
ist Relearning 112 55 128 65 119 64 145 | 73 

















interpolation groups, they cannot be used to study the temporal 
course of interference during relearning. As relearning proceeds, 
more and more correct responses are made and the absolute frequen- 
cies of all types of errors necessarily decrease. The percentage that 
each type of error is of all errors made (i.e., the relative importance 
of each type of error) may be used, and such a procedure is feasible 
on the retroactive test, since all items were included on each trial. 
When the error data are handled in this manner, several theo- 
retically relevant facts appear. When all data are combined, for both 
types of meaningful material and for all degrees of interpolation, blanks 
are found to decrease rapidly in proportional occurrence as relearning 
precedes, interlist intrusions remain roughly constant, and intralist in- 
trusions increase markedly in relative frequency. ‘These facts are 
shown in Table VII. It should be borne in mind that the total fre- 


TABLE VII 


PERCENTAGE THAT Eacu Type or Error 1s oF ALL Errors MApe 
ON Eacu RELEARNING TRIAL 


(All Degrees of Interpolation Combined) 











| No. 1 No. 2 No. 3 | No. 4 No. § 
Blanks 65 .56 49 46 | .46 
Intralist Intrusions .17 .27 33 .36 .40 
Extralist Intrusions .03 .O4 .03 .03 .02 
Unrelated Interlist .08 .05 .06 .07 .05 
Intrusions 
Related Interlist .07 .08 .09 08 | .07 
Intrusions | 

















quency of all errors is diminishing during relearning (actually from 
785 errors on trial No. 1 to only 285 on trial No. 5). ‘These findings 
indicate that errors attributable to interlist effects (intrusions and 
blanks based on interlist intrusion tendency) diminish rapidly during 
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relearning, leaving within-list confusion as a more persistent cause of 
interference. ‘This finding relates directly to the oft-repeated ob- 
servation that retroactive interference, when measured in number of 
correct responses,.is of very short duration. 

When the temporal course of errors during relearning is broken 
down in terms of degrees of interpolation, significant differences ap- 
pear between similar and opposed materials. Fig. 4 compares the 
mean percent of all errors that are blanks on the first two relearning 
trials with the mean percent of blanks on the Jast two relearning 
trials. Although for both types of material the all-over percentages 
of blanks increase as a function of the amount of interpolated learning, 
the locus of the effect is entirely different. With similar materials, 


Failures of Response (Blanks) 
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Fic. 4. Percentages that failures of response (blanks) are of all errors made on relearning 
trials Nos. 1 and 2 compared with relearning trials Nos. 4 and 5, similar and opposed conditions 
contrasted 


failures of response (blanks) appear more in the early trials but then 
diminish rapidly as the degree of interpolation 1s increased from 1 IR to 
8 IR; conversely, with opposed materials, failures of response as a cause 
of interference persist longer through the relearning trials as the degree 
of interpolation is increased. ‘The results for the 4 IR group are again 
somewhat out of line. 

Fig. 5 provides an equivalent analysis of interlist intrusions. Un- 
related interlist intrusions (upper figures), words previously associ- 
ated with different stimuli than the correct responses, display no 
differences between similar and opposed conditions, in both cases 
decreasing in proportional occurrence as the amount of interpolated 
learning increases. Analysis of related interlist intrusions (lower 
figures), those having been associated with the same stimulus mem- 
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bers as the correct responses, does reveal a clear-cut difference. For 
the opposed condition, with the exception of the 4 IR group, per- 
centage of these intrusions varies with neither the degree of interpola- 
tion nor with the course of relearning. On the other hand, for the 
similar condition the locus of maximum related interlist intrusion shifts 
consistently toward later relearning trials as the degree of interpolated 
learning 1s increased. Whereas with the lowest degree of interpolation 
the maximum is at trial No. 1, with the highest degree of interpolation 
the maximum is at trial No. 5. 


Unrelated Interlist Intrusions 
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Related Interlist Intrusions 
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Fic. 5. Percentages that unrelated (upper figures) and related (lower figures) interlist 
intrusions are of all errors made on relearning trials Nos. 1 and 2 compared with relearning trials 
Nos. 4 and 5S, similar and opposed materials contrasted 


DIscussION 


I. Meaningful similarity and interference in learning.—The results 
of this study substantiate those of an earlier investigation (12) in 
showing that when the strict A—B; A—K; A—B paradigm is followed 
with meaningful materials, similar interpolation produces less pro- 
active and retroactive interference than opposed interpolation. It 
extends the results of the previous study by showing that the greater 
decrement for opposed materials is attributable largely to an increase 
in the latencies with which responses are made, rather than to a re- 
duction in the number of correct responses. This finding contradicts 
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the widely encounted generalization that “the greater the meaningful 
similarity among successively practiced materials, the greater the 
retroactive interference.” ‘This statement is based mainly upon the 
experimental studies of McGeoch and his associates (3, 6, 7), all em- 
ploying a paradigm in which both stimulus and response members 
varied; given these conditions of learning, the results obtained are 
interpretable by the same principles followed here (cf., Osgood, 12). 
To the extent to which competition and two-factor theories must pre- 
dict increased interference with increasing meaningful similarity, they 
are found inadequate. 

II. Evaluation of the two-factor theory—The two-factor theory 
attributes total RI to (a) competition of original and interpolated 
responses at the point of recall and (b) unlearning of the original 
responses during interpolation. Since, as Underwood (20) has 
pointed out, the effect of unlearning is to reduce the effectiveness with 
which the original responses compete at the point of recall, total RI 
is still attributable to interference of the interpolated materials during 
the attempted recall of the original materials. 

(1) Competition factor. In terms of such a theory, failures of re- 
sponse (blanks) are due to implicit intrusions made in the response 
competition situation. However, in this experiment as well as others, 
the frequency of overt interlist intrusions (index of total interlist in- 
trusion tendency) is not found to correlate with the frequency of 
blanks. Overt interlist intrusions decrease in frequency while blanks 
increase, as the degree of interpolated learning is increased. 

(2) Unlearning factor. ‘To account for this discrepancy, Melton 
and Irwin (9) postulated that unlearning of the original responses 
occurs during interpolation. But, in exactly the same sense that 
frequency of overt interlist intrusions during relearning is an index 
of the strength of the competition factor, so the frequency of overt 
intrusions of related ® original responses during interpolation 15 an 1ndex 
of the amount of unlearning. ‘That is, in order for an original response 
to be ‘punished’ and unlearned, it must occur either overtly or im- 
plicitly. The data from this experiment show that the actual fre- 
quency of such intrusions is infinitesimally small. In the group where 
the number of these intrusions was the greatest, there were only 20 
cases on all interpolated trials combined; this means an average fre- 
quency of one case of an ‘unlearning’ intrusion on only one of the 
14 items and on only a single trial, for each S. 


6 It is theoretically unjustifiable in such an analysis to lump together all interlist intrusions. 
If during interpolation an S makes an unrelated interlist intrusion (i.e., of a word associated with 
a stimulus different from the correct response), this is an adequate condition for further dis- 
crimination among the original list items—theoretically, the S is learning not to make within-list 
errors on the original list. 
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(3) Underwood’s revision of the two-factor theory. Underwood (20) 
has elaborated the two-factor theory so as to incorporate certain of 
these phenomena. ‘The amount and character of the total interfer- 
ence is postulated to be a function of two variables: (a) the strength 
of the interpolated responses, this being a negatively accelerated func- 
tion of the degree of interpolated learning, and (b) the degree of 
differentiation between the competing response systems, this being a 
direct function of the degree of learning of the lists and an inverse 
function of the time interval between the end of interpolation and 
the beginning of relearning. In terms of these constructs, the in- 
crease in blanks and the concomitant decrease in interlist intrusions 
(as the degree of interpolated learning is increased) are due to im- 
proving differentiation among original and interpolated responses. 
This improved differentiation leads to recognition of interpolated re- 
sponses as such and hence their rejection; overt intrusions are in- 
hibited in this manner, but the process requires time and therefore 
more failures of response occur. 

When Underwood’s hypotheses are tested against the data of this 
experiment, certain difficulties arise. (a) Increasing differentiation 
between lists as a function of varying the amount of interpolation 
should be reflected in the behavior of the Ss; specifically, interlist 
errors should occur more frequently during interpolation as a basis 
for learning these discriminations. As has already been pointed out, 
the frequencies of such intrusions are very small and their relation 
to degree of interpolation is irregular. (b) Beyond the difficulties in 
a theory which attributes effects to ‘time’ itself, in the present study 
the time interval between the end of interpolation and the relearning 
of the original list was constant and hence could not have been re- 
sponsible for the observed differences in frequencies of blanks and 
interlist intrusions. (c) Finally, although associative strengths for 
both original and interpolated learning were equated and time inter- 
vals were constant, significant differences between similar and opposed 
materials were obtained. Neither the original form of the two-factor 
theory nor Underwood’s revision of it is capable of incorporating these 
differences. 

III. Evidence for an inhibitory factor —Despite the conventional 
use of the term ‘retroactive inhibition,’ neither competition nor two- 
factor theories actually utilize any conception of an inhibitory psycho- 
logical process. They assume that the response of B to stimulus A 
fails to occur because another response, K, takes its place, overtly or 
implicitly. The results of the present experiment are interpreted as 
indicating the existence of such an inhibitory factor, the nature of which 
1s revealed 1n the characteristics of the successive learning of meaning fully 
opposed materials: (1) increased latency of response in both proactive 
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and retroactive situations; (2) persistence of blanks through the course 
of relearning; (3) both latency and persistence of blanks varying 
directly with the degree of interpolated learning. 

Since it has been amply demonstrated that response latency varies 
inversely with habit strength (Hull, 2), it appears that a selective 
weakening of habit strengths occurs in the opposed meaningful condi- 
tion but not in the similar condition. This weakening of opposed 
habits has the further characteristic that its amount is a negatively 
accelerated function of the degree of interpolated learning, implying 
that the inhibitory process itself may be a habit phenomenon. 

An hypothesis of rectprocal inhibition of antagonistic reactions has 
been proposed (12) which would generate such phenomena as have 
been observed. ‘The hypothesis may be stated as follows: Simultane- 
ous with every increment in excitatory habit tendency in the association 
of a given stimulus with a given reaction, there 15 also generated an equal 
increment of inhibitory habit tendency 1n the association of the same 
stimulus with the directly antagonistic reaction.’ In other words, 
simultaneous with learning any response the S is also learning not to 
make the directly antagonistic response. When he learns to clench 
his fist to a certain stimulus, he is simultaneously learning not to open 
his hand to that stimulus; when he learns to call Negroes ‘bestial,’ he 
is simultaneously learning not to call them ‘noble.’ This hypothesis 
originated in work on the function of meaningful opposites in syn- 
esthesia (4) and social thinking (15, 16). 

In utilizing this hypothesis here it is assumed that common verbal 
opposites are mediated by reciprocally antagonistic implicit reactions, 
and further, that other principles of learning (Hull, 2) apply to these 
inhibitory habits as well. Thus, such inhibitory tendencies are as- 
sumed to generalize, to increase as a negatively accelerated growth func- 
tion of the number of repetitions, and to summate algebraicly with 
the excitatory tendencies associating the same stimulus and reaction 
(i.e., the inhibitory tendencies set up during interpolation subtracting 
directly from the excitatory tendencies developed during original 
learning). 

The obtained results of the experiment may now be incorporated. 
(1) Since the effect of the previous learning has been to reciprocally 
weaken opposed haktits and since latency varies inversely with habit 
strength, opposed materials show less speed of response than similar 
materials, for both proactive and retroactive situations. That no 
significant difference appears when the number of correct responses is 


7 A major difficulty with this principle lies in the definition of ‘antagonistic.’ The provisonial 
definition adopted here is that one reaction is antagonistic to another when the same effector 
elements are involved in both, but reciprocally—those elements being excited in one being inhibited 
in the other and vice versa. 
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measured reflects the well-known fact that correct reactions may be 
made when habits are relatively weak, latencies continuing to de- 
crease with further learning. (2) Similar responses show little or no 
interference in terms of speed of responding, indicating that they 
have not suffered weakening of habit strength. The fact that speed 
facilitation is found with high degrees of interpolation, presumably 
indicates generalization of excitatory tendency among similar re- 
sponses. (3) Since some (not all) failures of response are due to 
weakened habit strength, blanks persist longer through relearning for 
opposed materials than for similar materials. (4) Since the strength 
of inhibitory tendencies is a negatively accelerated function of the 
number of repetitions, retroactive interference for opposed materials 
increases with the degree of interpolated learning, according to a 
negatively accelerated function. 

IV. Interlist intrusions and the competition factor.—The existence 
of interlist intrusions during the relearning process is ample evidence 
that competition among response systems occurs, and interference for 
similar materials is attributable mainly to this factor. Frequencies 
of related interlist intrusions are the most direct index of such competi- 
tion, since we are concerned with the comparative tendencies of the 
same stimulus to evoke two different responses, the original word and 
the interpolated word. 

This is a straightforward discrimination situation: If the original 
response is much more strongly associated with the stimulus, it will 
tend to occur as the correct reaction; on the other hand, if the in- 
trusive similar response is stronger, it will tend to occur. However, 
the incorrect response will frequently be recognized and rejected, re- 
sulting in a blank being recorded. From this it follows that overt 
related interlist intrusions in the similar condition should be most 
frequent when the strengths of the competing habits are approxi- 
mately equal. This point of equality during the relearning trials will 
be progressively delayed as the amount of interpolation is increased 
(i.e., the stronger the intrusive interpolated habits, the more repeti- 
tions of the correct responses required to reach equality). It would 
therefore be predicted that the locus of maximum related interlist 
intrusions in the similar condition would shift from relearning trial 
No. 1 toward trial No. 5 as the degree of interpolation is increased. 
This was the result obtained. 

For the opposed meaningful condition, the only situation theo- 
retically adequate to produce overt related interlist intrusions is 
where the intrusive reaction is much stronger than the correct reac- 
tion, and there is no recognition (equality of antagonistic reaction 
tendencies should result in cancelation and consequent failure of 
response). It would therefore be anticipated that (a) there should be 
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a smaller total frequency of such intrusions in the opposed condition 
than the similar, (b) they should occur chiefly in the early trials on 
relearning, and (c) their frequency should increase with the degree of 
interpolated learning. Only the first of these expectations is clearly 
verified, but the frequencies involved are very small. 

V. The reciprocal relation between interlist and intraltst intrusions.- 
It has usually been assumed (5) that within-list interference is un- 
affected by the interpolated activities, the measured differences in 
retention between ‘work’ and ‘rest’ conditions being attributed to 
additional interlist effects. A previously unreported phenomenon 
was observed in this experiment, however: frequencies of within-list 
intrusions diminish sharply following interpolated activity, and the 
data as a whole indicate that intrusions from the interpolated list have 
been substituted for them. ‘That there is this reciprocal relation be- 
tween these two sources of intrusion is suggested by two facts; (a) 
where the frequencies of interlist intrusions are greatest (with low 
degrees of interpolation) within-list intrusions show the greatest 
diminution, and (b) during the first three relearning trials, the rapid 
decrease in interlist intrusions is paralleled by an actual increase in 
the frequencies of within-list intrusions. ‘This finding poses a prob- 
lem: Why should any retroactive decrement be obtained if the effect 
of interpolation is merely to substitute between-list errors for within- 
list errors? 

‘The answer, judging from the results of the present experiment, 
would appear to be that between-list errors more than replace within- 
list errors, but are largely reflected in implicit rather than overt in- 
trusions. Retroactive decrement (in terms of number of correct 
responses) was limited to the first recall trial and was attributable to 
a marked increase in blanks, total overt intrusions not increasing. 
Following Underwood (20), implicit intrusions are assumed to occur 
when intrusive responses are stronger than correct responses but are 
recognized as belonging on the interpolated list. It would be difficult 
to explain how such ‘recognition’ could occur if the A—B; A—Kk; 
A—B paradigm demanded in theory was actually met in practice 
(i.e., if the original and interpolated stimuli were actually identical). 
However, it is apparent that the Ss are well aware of which list they 
are practicing, and the process of recognizing and rejecting wrong 
responses is evidenced in their introspective reports. The traditional 
method of successively practicing lists of materials, which has been 
used in nearly all studies in this field, including this one, does not 
completely satisfy the requirements of this paradigm. 

Finally, it should be noted that the marked reduction in within-list 
intrusions on the original list following interpolation may represent a 
valid phenomenon independent of the substitution of inter-list errors. 
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Discriminations built up among the stimuli on the interpolated list 
may transfer to the stimuli on the other list, the amount of such trans- 
ferred discrimination presumably increasing with the similarity of 
stimuli on the two lists and the number of interpolated trials. Such 
a conception of transfer of discrimination has been utilized elsewhere 
(11, 14,17). Although the high degree of similarity between stimuli 
on the two lists used here would facilitate such transfer, the increase 
in discriminability (reduced within-list intrusions) to be expected 
with increasing amounts of interpolation was not obtained. 


SUMMARY 


Sets of 14 paired-associates were learned by the anticipation 
method in which the stimuli were letter-pairs such as t.g. and the 
responses were common adjectives. ‘The traditional retroactive inter- 
ference paradigm, A—B; A—K; A—B, was followed, one experi- 
mental variable being the meaningful relationship between B and K 
adjectives (similar or opposed) and the other variable being the degree 
of interpolated learning. Interference was measured both in terms 
of number of correct responses and in terms of the speed of responding, 
and complete record was kept of all intrusions and failures of response. 
The following results were obtained: 


1. As measured by number of correct responses, there were no 
significant differences between similar and opposed materials in either 
proactive or retroactive interference, with the exception of one degree 
of interpolation where the result was of somewhat questionable 
validity. 

2. As measured by speed of responding, similar materials yielded 
significantly less proactive and retroactive interference than opposed 
materials, the effect of increasing the degree of interpolation being to 
produce greater speed facilitation with similar material and greater 
speed decrement with opposed materials. 


Interpretation of these results in conjunction with analysis of the 
types of errors made leads to the following conclusions: (1) The 
common statement that “‘the greater the meaningful similarity, the 
greater the retroactive interference” does not have general validity; 
(2) the two-factor theory of retroactive interference is not adequate 
to cover all the relevant phenomena in the field; (3) an additional 
factor, here postulated to be reciprocal inhibition of antagonistic 
reactions, is required. 


(Manuscript received March 20, 1947) 
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A PROBABILITY FORMULATION OF THE 
HUNTER-SIGLER EFFECT 


BY HAROLD SCHLOSBERG 


Brown University 


In 1940, Hunter and Sigler published a paper entitled “The Span 
of Visual Discrimination as a Function of Time and Intensity of 
Stimulation’ (10). In their experiments they exposed plates contain- 
ing varying numbers of black dots on an illuminated white field, and 
determined the amount of light necessary to yield correct reports on 
50 percent of the trials. ‘The measurements were made over a wide 
range of intensities (.016—-13.33 ml.) and of durations (.004~4.0 sec.).! 
Certain of their results may be summarized as follows: 


1. To obtain 50 percent incidence of correct reports of one dot, the 
product of intensity and time of exposure (J: 7) remains constant up to a 
critical duration, beyond which intensity is the controlling factor. 

2. To reach a 50 percert level of correct responses on plates containing 
two or more dots, successively larger amounts of light are needed. Thus, 
if one plots thresholds (50 percent) as a function of intensity and time, he 
obtains a family of parallel curves, with that for one dot requiring the least 
light, followed by those for 2, 3, 4, § and 6 dots in regular order. 

3. Curves for 9-12 dots fall in their appropriate places, but do not re- 
main parallel to the others. They show increasing departure from the 
I-T = C slope, in the direction of greater dependence on time. 


The first point needs little discussion here. Hunter and Sigler showed 
that it is consistent with the literature on the relationship between intensity 
and duration in determining visual thresholds. The third point would 
seem to be related to the familiar span of apprehension. Hunter and Sigler 
devoted little discussion to this phenomenon, and merely pointed out that 
one goes beyond the level of a single event when he uses plates of eight or 
more dots, so that S must count, and counting takes more time. We are 
not concerned here with the nature of this limit; it has been called the span 
of apprehension, the span of attention, and the span of perception. 

The second point we mentioned above is less clearly related to known 
facts. Why should it take more light to see two black dots than it does to 
see one? Hunter and Sigler made little progress in searching for an ex- 
planation, except to point out that the igcreased number of black dots 
decreases the area illuminated, which might have the effect of decreased 
illumination. This explanation could scarcely account for the observed 


1 The present analysis is based entirely on these measurements. Professor Hunter generously 
furnished the data in both raw and graphic form. 
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differences, for the dots were small, compared to the area of the illuminated 
plate.? The findings are of such novelty and significance that they demand 
a better explanation. 

A clue to an explanation can be found in the stimulus situation. The 
dots were .125 in. in diameter, and were exposed at a distance of 11 feet 
from S, subtending a visual angle of 3.32’. This immediately suggests that 
an acuity problem is involved.* But why should it take more light to see 
two dots than it does toseeone? Ananswerisnothardtofind. It involves 
(1) the well-established fact that the probability of response to a simple 
visual stimulus increases as a function of intensity and duration of exposure, 
and (2) the assumption that when two or more stimuli (dots) are to be seen 
simultaneously, they act as independent events, whose probabilities of 
detection must be compounded. 

Let us take an /- T value that will permit S to see one dot on $0 percent 
of the trials. This means that five times out of 10 the retinal gradient of 
stimulation is such that a small area, covered by the dot, is significantly 
lower than its neighboring field. ‘Significantly’ simply refers to the fact 
that there must be some sort of a threshold. The threshold undoubtedly 
varies from point to point on the retina; indeed, such variation is a funda- 
mental assumption in theories of the visual mechanism (7). ‘There may 
also be variation in the alignment of the dark spot in relation to receptive 
elements. Variations of the central mechanism (3, 4) or even of quanta of 
light (8), add to the possibilities. ‘These variables are the factors under- 
lying the statistical determination of a threshold. For example, Hunter and 
Sigler base all their later treatment on the 50 percent point, which is merely 
the value at which the probability of seeing a dot is equal to the probability 
of not seeing it. 

Let us consider the /- 7 value which gives us 50 percent correct reports 
on one dot. If our assumptions are correct, when we substitute a two-dot 
plate, each dot should have a probability of .50 of being seen. If they behave 
as independent events, the probability that S will see both dots becomes .50’, 
or .25. With the same /-7 value S should be able to report three dots 
correctly .50°, or .125, and N dots, .50%. Wecan generalize this statement 
to read: 


—_ N 
Py = P,", 


2 The effect of black figures in reducing the average illumination of the field is probably a 
complex problem. Fortunately, it need not concern us here, for 10 dots would account for a 
maximum of three percent of the illuminated area. This is probably within the limits of error, 
especially at short exposures. 

*The Hunter-Sigler curve for one dot (10, Fig. 8) levels off beyond the critical duration at 
a log J value of —1.75. At a similar intensity Graham and Cook (6) found that S would dis- 
criminate a grid with stripes about 3.5’ wide. A more nearly comparable study is that of Miller 
and Beck (13), which was concerned with the detection of small black dots on an illuminated field. 
The dots were exposed for 30 sec., but any gain from the long exposure was probably balanced 
out by the requirement that S scan a large field and localize the dot. Their smallest dot (3.7’) 
was a trifle larger than the Hunter-Sigler dot (3.32’) and required less light (log J values of —1.9 
vs. —1.75 ml.). A slight extrapolation of Miller and Beck’s curve (3, Fig. 17) suggests that at 
a level of —1.75 m’ their Ss would have seen a 3’ dot. Thus, the Hunter-Sigler results are in 
line with other acuity studies. Incidentally, it should be noted that neither S obtained after- 
images of the dots (10), which might have complicated the situation. 
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or the percentage of correct responses to N dots is equal to the Nth power 
of the percentage of correct responses to one dot, if the amount of light is 
constant. This formulation can be applied to the Hunter-Sigler data in at 
least two ways. 


I. THe PREDICTION OF THE FoRM OF CERTAIN 
PsYCHOPHYSICAL FUNCTIONS 


Fig. 1 (modified from Hunter and Sigler, Fig. 2) presents a number 
of curves, all obtained at the same duration (32 ms.), but each at a 
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Fic. 1. The percentages of correct reports on the series of 1-9 dot plates, exposed for 
32 ms., under four different levels of illumination. There were 30 judgments at each point. 
The data and dotted lines are from Hunter and Sigler (10, Fig. 2). The solid lines represent 
expansions of P,, as labelled. 


different intensity. The base line indicates the number of dots ex- 
posed, and the ordinate gives the percentages of correct identification. 
Thus, the left hand curve (hollow circles) shows that an intensity of 
.167 ml. yields 94 percent correct identifications (‘no dots’) on a blank 
plate, 30 percent correct reports for one dot, and five percent for 
two-dot plates. The dotted lines serve merely to connect the points 
for the reader’s convenience; they have no theoretical significance. 
The solid lines, however, are based on the formulation outlined above. 
The left hand curve labelled P; = .30 was chosen to pass through the 
percentage of correct judgments obtained for one dot at .167 ml. 
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According to our formulation, it passes through the two-dot value 
at .307, or .og, and the three-dot value at .30%, or .027. The predicted 
value for two dots agrees well with the obtained one; no determination 
was made at this intensity for three dots. 


The next curve, P; = .70, was chosen to pass through the .26 ml. 
curve (plotted as X) at one dot. It does not give a good fit for the 
observed values. But the P; = .go curve does follow the trend of 


the .333 ml. values (triangles) as far as six dots. The drop in em- 
pirical values for seven and eight dots might be attributed to the 
limiting effects of the span of perception.‘ This limiting effect is 
especially clear in the .667 ml. data (hollow squares) at the extreme 
right. Percentages for 5, 6 and 7 dots suggest a P; around .985, but 
values for 8 and g dots fall off rapidly, since they run into the ogive 
that describes the span of perception (5). 

The score for our formulation, applied to this set of curves, is one 
good fit, two possible ones, and a poor one. About the same results 
turn up if we fit curves to three similar figures in the published 
paper (10). Professor Hunter generously made available the original 
data, including 22 figures of this type, 11 from each of two highly- 
practiced Ss. A family of expanded P, curves was drawn on cellu- 
loid, and superimposed on each of these figures. Some yielded better 
fits than those of our Fig. 1, and others were worse, but most of them 
were about the same. Many of the curves were irregular, for S’s task 
was difficult, and each point involved only 30 determinations. ‘Thus, 
three judgments would throw a point off by 10 percent. But in spite 
of such irregularity it was clear that simple compounding of prob- 
abilities would account for the higher /-7 values required as the 
number of dots increased. The expanded P,* curves obviously gave 


better fits to the obtained percentages than did the more familiar 
ogives. 


The success of these preliminary studies encouraged an attempt to de- 
velop a more precise formulation. To obtain stable empirical values, a 
number of determinations, each with the same /- 7 value, were combined: 
only four durations: 4, 8, 16 and 32 ms., were used, all below the critical 
duration, beyond which /-T # C. These combined data are presented in 
Table I and in Fig. 2. In the figure, each circle represents six sets of 30 
judgments each, all obtained at an J-T7 value (ml. X sec.) between .oco50 
and .0051. The triangles represent seven sets of data at /-T7 values be- 
tween .0098 and .o107. Finally, the crosses are from four sets of data, all 
obtained at J/-T = .0133. Thus, each single point represents from 120 to 
210 judgments, enough to give stable values. 


‘It will be recalled that our formulation was not intended to apply beyond the limits of a 
single discriminatory event. 
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TABLE I 


Tue AveraGe PEercenTAGES OF CorRECT JUDGMENTS ON THE SERIES OF 
One- to Nine-Dor Prates, at Turee Dirrerent Licut Vatvues 























Quantity of Light (ml. X sec.) 
Dots SS 
.0050-.0051 | .0098-.0107 | 0133 
0 94% 97% | 
I 35% 85% 
2 12% | 70° , | go' ; 
3 1% 56 84° 
4 4% 47 79 
5 aes 26° ‘ 61° ( 
6 14% 52% 
7 2% 46° 
8 1% 17% 
9 . | 2°; 
| 
: 
N 7 X 30° 6 X 30° 4 X 30° 
| 





* Read ‘7 series of 30 judgments at each point,’ etc. 








To GORREGT REPORTS 








Fic. 2. Average percentages of correct reports on the series of 1-8 dot plates, at light 
values (J-T) givenin key. Key:0 = .005-.0051 millilambert-sec., A = .0098-.0107 millilambert- 
sec., X = .0133 millilambert-sec. The solid lines represent simultaneously: 1. The expansion 
of Py’. 2. The expansion of (1.00 — QrQz)* (Formulation A, which assumes that any dot will 
be reported if it stimulates either eye). The broken lines represent the expansion of [1.00 
— (1.00 — PR%)(1.00 — Py¥)]} (Formulation B, which assumes that all dots must stimulate the 
same eye if they are to be reported). See text. 
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The solid lines represent the expanded P,” percentages. The 
data for the lowest /:7 value fit the formulation nicely, for the 
P, = .35 established by reports for one dot yields a curve that passes 
through the two-dot percentage, and is only two percent too high for 
three and four dots. The data for the intermediate J-7 value fit 
P, = .85 very well for two dots. It might be acceptable for three 
or four dots if it were not clear that the decreasing trend is continued 
at five, six and seven dots. Similarly, results from the highest in- 
tensity give a fair fit for P; = .95 at three and four dots (in this case 
the P, value was chosen so that the curve would pass through the two 
dot percentage, since no one-dot plates were exposed). But beyond 
four dots the observed percentages fall progressively further and 
further below the predicted ones. One can invoke the span of per- 
ception to account for the low observed percentages at eight dots, and 
perhaps even at seven, but it would hardly account for the low per- 
centages of correct reports on five and six dots. 

A second possible distorting factor might be some sort of series 
effect. An emphasis on accurate observing might be expected to 
create a tendency to avoid extreme reports. This would account for 
the observed fact that S rarely gave 100 percent correct reports on 
the blank plates. Similarly, a conservative report on a seven- or 
eight-dot plate would lead to error, and would depress the percentage 
of correct responses. On the other hand, it would also be expected 
to decrease the percentage of correct reports on one-dot plates, result- 
ing in spuriously low P,; values. ‘Thus, the series effects would be 
complicated, and would probably neutralize each other. At any rate, 
it is highly doubtful that they would be large enough to account for 
the pronounced differences between predicted and obtained percent- 
ages on plates with more than five dots. 

At this point it became clear that the formulation needed revision. 
So far, the data had been treated as if they had been obtained in 
monocular vision; actually they were binocular. There are two 
limiting ways in which the eyes may act together. 

1. One eye may do essentially all of the seeing, either because it is 
dominant, or because it is more sensitive than the other. In this case 
our formulation is unchanged. 

2. Both eyes may participate equally.® In this case the binocular 
P, values are based on a combination of two equal probabilities, Pr, 
the probability that the right eye will see one dot, and P,, the prob- 
ability that the left eye will see it. If we assume that S will report 


‘The highly practiced Ss apparently maintained excellent convergence, using a dimly- 
lighted fixation ring around the field. It is difficult to predict the effect of slight errors in con- 
vergence without monocular data for comparison purposes. 
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the dot if he sees it with ezther or both eyes, we can compute Pp 
and P, (in the limiting case, where they are equal) from the formula 


P, = 1.00 — (QrQ1). Then (Per ++ Or) (Px + Q,) when expanded: 
(1) PrPr + PrQt + QrPi + Orr 


gives the appropriate probabilities that the dot will be seen by both 
eyes (PrP_), right eye alone (PrQ_), left eye alone (QzP 1) and neither 
eye (QrQ.). For example, let Pe = Px, = .60. Both eyes would see 
the dot .60 X .60, or .36. The right eye would see it .60 X .40, or 
.24, and the same value would hold for the left eye. Thus, the dot 
would be seen .36 + .24 + .24, or 84 percent of the trials. Hence, 
if a single dot were seen on 84 percent of the trials, one could consider 
it the origin of a P; = .84 curve, according to the original formulation, 
or as the origin of a (.60Pr)(.60P1) curve, according to the present 
formulation. 

Now let us extend this formulation to two dots, A and B. Again 
we must multiply probabilities, for A and B will act as independent 
events in each eye. Equation (1) above cannot simply be squared, 
for it is important to keep each term identified by the additional sub- 
scripts A and B, to indicate which dot (A or B) and which eye (R 
or L) are involved in each term. The expansion follows: 


(2) (PraP ra + PraQta + QraP ras + QraQra)(PreP re: . -OrpQ rp) 


The first term (PraPraPreP pz) will give the probability (in 10,000) that 
both dots will stimulate both eyes. The second term (PraQraPreP re) 
will predict the frequency of cases in which both dots stimulate the 
right eye, but only dot B stimulates the left eye. The expansion 
becomes quite laborious, especially when several dots are involved. 
It is possible to avoid the actual expansion, however, by one of the 
following methods, depending on the type of binocular interaction 
assumed. 

Formulation A.—If one assumes that any dot will be perceived if 
it stimulates either eye, the expansion acts exactly as if one were ex- 
panding the original P, value.6 It was shown above that P; = .84 
corresponds to (Pr = .60, P;, = .60) at the one dot value. For two 
dots .84?, or .7056, is the same value one gets if he expands equation 
(2) above, with Pr and P, each equal to .60, and adds all combinations 
which show that each dot affects at least one eye. 


6 The probability that a single dot will stimulate either or both eyes is equal to 100 — QrQ_. 
When N dots are involved, the probability that every dot will stimulate at least one eye becomes 
(100 — QrQ1)*. But (100 — QrQz) is equal to Pi, by definition. Hence, the more convenient 
formulation, P:’, can be substituted. 
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Formulation B.—A different assumption is equally logical: namely, 
that S will perceive two or more dots only if they all stimulate the 
same eye. ‘The expansion to determine these values is 


(3) 1.00 — (1.00 — PR%)(1.00 — P,%) 


where WN is the number of dots exposed, and Pez and P, are the (equal) 
values for right and left eyes, chosen to fit the one dot percentage. 

Only the empirical data can decide which of these assumptions is 
more nearly suitable. ‘The curves predicted under Formulation A are 
plotted in Fig. 2 in solid lines. They are, of course, the ones already 
discussed (P; = .95; P; = .80; and P; = .35). The corresponding 
curves predicted by Formulation B are plotted in broken lines 
(Pe = 80; Py = 80; Pr = .60, Py = .60; and Per = .20, Pz = .20). 
It will be seen that the left hand solid and broken curves are almost 
identical. (P: = .35) fits the data a trifle better at two dots, but 
(Pr = .20, Py = .20) has a slight superiority at three and four dots. 
Either curve yields an excellent fit. 

The two formulations give quite different curves at other light 
values. In each case the P; or A type of formulation fits better 
through four dots, but the B type fits better for larger numbers of 
dots. The break from one curve to the other is not sharp; the data 
seem to drift from one curve to the other. ‘There is a possible ex- 
planation for this. One might expect S to see two dots, even if each 
dot stimulated only one eye. But it might be much more difficult to 
integrate a pattern of six dots if they were distributed between the 
two eyes. In other words, the assumption leading to Formulation A 
holds when two or three dots are involved, but as we increase the 
number of dots S tends to behave according to the principle under- 
lying Formulation B. 

Discussion.—We started this paper with the question, ‘Why did 
Hunter and Sigler find that it took successively larger amounts of 
light to recognize I, 2,3 :-- 7 dots?’ The answer is simple, if we are 
content with generalized terms. Hunter and Sigler used the method 
of constant stimuli, and based all their thresholds on the 50 percent 
point. But when more than one dot is present on one plate, the dots 
seem to act as independent events, so that the probabilities are com- 
pounded. Thus, the same amount of light that gives 50 percent cor- 
rect reports on one dot gives .50* or 25 percent for two dots, and .50% 
for N dots. Or put conversely, the amount of light which is required 


for 50 percent correct reports on two dots will yield V.50, or .71 cor- 
rect reports of one dot. Similarly, the J- T values that give 50 percent 
correct reports on plates of 3, 4, 5, and 6 dots, will yield, respectively, 
79, 84, 87 and 8g percent correct reports on one-dot plates. If 
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these percentages are plotted against their respective /- 7 values, one 
obtains the familiar ogive, which is usually found when percent cor- 
rect judgments is plotted as a function of intensity in most sense fields. 
The factors underlying this function, either in general or in the present 
specific case, need not concern us here. Even the precise form of the 
function is not important; if we assume that the percentage of correct 
reports of one dot is a direct function of J-7, it follows from the 
probability formulation that the larger the number of dots exposed 
on a given plate, the more light will be needed to obtain 50 percent 
correct reports. This seems to be a perfectly adequate answer to 
our original question. 

But when we applied this formulation to the actual psychophysical 
functions obtained in the experiment, we found that it was too simple. 
It had not been intended to fit beyond 6-8 dots, where the limitations 
imposed by the span of perception show up. But the fit actually 
became poor even before this limit was reached. Thus, a more pre- 
cise formulation was necessary. Such a formulation had to take into 


account the fact that the observations were binocular, rather than 
monocular. 


There have been several attempts to formulate the relationship between 
monocular and binocular thresholds, considering absolute thresholds (2, 4, 
12, 15), difference thresholds (4, 9), and brilliance (1). The formulations 
vary from those which emphasize simple summation, as of two areas (12), 
to those which depend entirely on probability (15). One study, that of 
Hurvich (11), would seem at first glance to be closely related to 
the present problem. Hurvich exposed plates containing from five to Io 
dots, to each of two observers, both monocularly and _ binocularly. 
The dots were larger than those used by Hunter and Sigler (15’, compared 
with 3.32’) which may account for Hurvich’s failure to get ‘univocal results’ 
in an earlier study. At any rate, in the reported study, Hurvich used reac- 
tion time as a measure of sensitivity, and found (1) longer times for monocu- 
lar than for binocular observations, and (2) an increase in reaction time with 
increased numbers of dots. The results were interpreted in terms of the 
Crozier-Holway view, which emphasized the central nervous system, rather 
than the retina (9). But actually this study offers no help in our formula- 
tion. The range studied (5-10 dots) was complicated by the span of per- 
ception. Only mean reaction times were given, all obtained at one /-T 
value. It is difficult to see how one could convert such data to anything 
useful for our present purpose.’ 

Miller and Beck (13) reported some studies on monocular vs. binocular 
searching. They found that the increase in relative range brought about 
by binocular observation fell between that predicted by a probability formu- 


7 The same comment applies to the recent paper by Philip (14). He found a sigmoid relation- 
ship between exposure time and correctness of perception of ‘color mass’ on cards containing 22 
or more multi-colored dots. 
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lation, and one based on simple binocular summation. Their problem was 
somewhat complicated by a 30-sec. period of observation, during which their 
Ss searched over a large field for the dot. Their experiment varied from 
that of Hunter and Sigler in other ways, as in the use of peripheral vision, 
and in an absence of fixation points. 

The only paper which contains monocular and binocular data in a form 
which is useful to us is that of Pirenne (15). He assumed that the two eyes 
worked quite independently in seeing a lighted area. Thus, the probability 
of binocular detection would be the product of the monocular probabilities. 
His formulation: Pyin, = 1.00 — (1.00 — Pr)(1.00 — Pz) is obviously the 
same as our formulation A (above). Pirenne presented observed percent- 
ages for each eye and for binocular vision, and showed that they agreed well 
with predictions. Although his data were based on peripheral vision, they 
furnish reasonably strong support for our binocular formulation, as applied 
to one dot. 

But, unfortunately, Pirenne has not considered the problem of several 
dots, seen binocularly. Indeed, there seem to be no other studies, either 
monocular or binocular, that are at all comparable with the Hunter-Sigler 
data in the two to seven dot range. We are thus left with the problem of 
fitting binocular data over a range of two to seven dots, with no related 
monocular data, to say nothing of a lack of established theory for monocular 
vision over this range. If the original Hunter-Sigler apparatus had not been 
dismantled it would have been fairly simple to run off a series of monocular 
and binocular determinations at two or three moderate intensities, as .008 
and .o10 ml. X sec. We hope that such data can be obtained, either here 
or elsewhere, to fill this gap. 

Lacking these data, we can only support our two formulations on the 
basis of the way they fit the available results, and in terms of general reason- 
ableness. There would seem to be little doubt that two or three dots can 
be seen if they stimulate either eye, separately. In other words, Pirenne’s 
probability theory can be extended this far. But as we have indicated 
above, when the number of dots increases, the two eyes show less and less 
ability to integrate dots seen by each eye. Thus, six dots must all fall on 
the same eye, or they will not all be seen. 

This would seem to conflict with the common observation that two com- 
plex monocular fields can be fused if they are not inconsistent. One of the 
most familiar examples is the stereoscope slide which contains a bird on one 
half, and a cage on the other. In binocular vision the bird is seen enclosed 
in the cage. But perhaps these apparently complex objects function as 
units in perceptual integration. This is clearly the case when we are dealing 
with them at the level of the span of perception. It is as easy to see five 
birds as it is to see five or six dots. It is at least possible that something 
comparable occurs in integrating the fields of the two eyes. Hence, we 
would expect to see five dots, three stimulating one eye, and two exciting 
the other, only if they were arranged in a pattern, like the face ofadie. But 
if no such pattern exists, we obtain binocular rivalry, and see only the field 
that receives the larger number of dots, or that is dominant at the time for 
some other reason. 
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Il. THe PREDICTION OF THE FREQUENCY OF 
SPECIFIC ERRORS 


If a probability formulation is correct, it should be possible to 
predict errors, for most of the errors will occur because some of the 
dots on a given plate will not be perceived every time. ‘The attempt 
to predict the frequency of specific errors was suggested by a minor 
point raised by Hunter and Sigler. On page 175 (10) they presented 
a count of the number of times five or more dots were reported on 
plates containing 5, 6, 7 and 8 dots. All plates were exposed at the 
same [- 7 value, chosen to give 24 percent reports of five dots on a 
five-dot plate. On the plates containing 6, 7 and 8 dots, respectively, 
S reported five or more dots with the following frequencies; 43, 64 
and 85 percent. If we apply our relatively simple formulation A, we 
can find the P,; value that corresponds to 24 percent at five dots. Or, 
to state it otherwise, solve for P; when Ps = .24. The P, value is 
.75. Now, if we expand (.75P + .25Q)*®, the first two terms, P* and 
P*Q, will give us the number of times six and five dots, respectively, 
will be reported in response to a six-dot plate, under the same light 
conditions used in determining P;. Expansions of this type for six-, 
seven- and eight-dot plates predict the following percentages of re- 
ports of five or more dots: six-dot plate, 55 percent; seven-dot plate, 
76 percent; eight-dot plate, 89 percent. ‘The predicted values are 
not very close to the observed ones (43, 64 and 85 percent), but they 
at least tend in the right direction. Perhaps a more accurate pre- 
diction could have been made if we had used the more appropriate 
formulation B, since it gives a better fit where many dots are involved. 
But at present it is not obvious how this more elaborate formulation 
could have been applied in detail. Indeed, it would be easier to do 
the experiment over again, using monocular vision! 

Another way of approaching the same problem is to attempt to 
predict the specific reports on a single plate. For example, given a 
plate of five dots, exposed at an J: 7 value that yields 25 percent cor- 
rect reports, how frequently should S see 0, 1, 2, 3 and 4 dots, re- 
spectively? Using the original Hunter-Sigler data sheets, I tallied 
all reports obtained from five-dot plates exposed at intensities which 
yielded 20—30 percent correct reports. It would have been better to 
include only those judgments made at one specific /- 7 value, as |] 
did in Fig. 2, but there would have been too few cases. The selection 
was well balanced throughout the P; = 20-30 percent range, so that 
out of a total of 221 judgments, I obtained 55 (25 percent) reports of 
five dots. The number of responses of 0, I, 2, 3, 4 and 5 dots are 
given in Table II, in the second column. ‘They are converted into 
percentages in the third column. In the fourth column are the pre- 
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dicted percentages, based on an expansion of (.75P + .25Q)°, which 
was chosen to give an approximate fit to the observed percentage of 
correct responses. ‘The fit seems too good, when one remembers that 
we are using the relatively simple formulation A. 

A similar study was made of four-dot plates, exposed at an ]-7' 
value which yielded 30-50 percent correct reports. The results are 
given in the right hand half of Table II. The agreement between 
observed and predicted reports of 0, 1 and 2 dots is about as good 
as one would expect from the simple formulation A. It is interesting 
that Ss reported more dots than were present on three trials. Such 
errors remind us that there is an organism attached to the eyes and 
to the occipital cortex! 


TABLE II 


Tue DistripuTIon oF Reports on Five-Dort Piates (LEFT) 
AND ON Four Dot P tates (RIGHT) 


R is the number of reports, %R is the same, expressed as %, and P, is the value obtained 


by expanding the given value in the formula (P + Q)*, where N is the number of dots exposed. 
The P; values were chosen to give the observed number of correct responses, as indicated by *. 


























Five-Dot Plates Four-Dot Plates 
Dots = 
Reported 
R | %R Fr 3s R | %R P .80 
ee eee | - | 
O 3 | Ol .0O 8 03 OI 
I 5 .02 .02 12 | O4 .03 
2 19 .09 .09 50 | .17 | 15 
3 60 27 26 98 | 33 41 
4 79 .36 .40 120 | 41 | .41* 
5 | 55 | 25 | 24* 3 Ol 00 
Total 221 | 1.00 1.01 291 | 99 | 1.01 








SUMMARY AND CONCLUSIONS 


1. Hunter and Sigler found that successively larger amounts 
(1-7) of light are necessary to yield 50 percent correct reports as the 
number of dots exposed is increased from one to six or seven. ‘This 
finding can be understood if we assume that the perception of each 
dot is an independent event, so that the probability of seeing two dots 
is less than the probability of seeing either alone. 

2. The simplest formulation states that the probability of seeing 
N dots is the Nth power of the probability of seeing one dot, at the 
same light value. This formulation gives an approximate fit for the 
observed psychophysical functions, and even indicates the distribu- 
tion of false judgments. 

3. For a more precise formulation it is necessary to compound the 
probabilities still further, since the data were obtained with binocular 
vision. The results suggest that S can integrate two or three dots, 
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even though they stimulate different eyes. But there seems to be a 
limit to such integration, for five or six dots must all stimulate the 
same eye if they are to be perceived. Finally, at seven or eight dots, 
S reaches another limit, the span of apprehension. 


(Manuscript received May 31, 1947) 
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‘SUPERSTITION’ IN THE PIGEON 


BY B. F. SKINNER 


Indiana University 


To say that a reinforcement is contingent upon a response may 
mean nothing more than that it follows the response. It may follow 
because of some mechanical connection or because of the mediation 
of another organism; but conditioning takes place presumably because 
of the temporal relation only, expressed in terms of the order and 
proximity of response and reinforcement. Whenever we present a 
state of affairs which is known to be reinforcing at a given drive, we 
must suppose that conditioning takes place, even though we have 
paid no attention to the behavior of the organism in making the 
presentation. A simple experiment demonstrates this to be the case. 


A pigeon is brought to a stable state of hunger by reducing it to 75 
percent of its weight when well fed. It is put into an experimental cage for 
a few minutes each day. A food hopper attached to the cage may be swung 
into place so that the pigeon can eat from it. A solenoid and a timing relay 
hold the hopper in place for five sec. at each reinforcement. 

If a clock is now arranged to present the food hopper at regular intervals 
with no reference whatsoever to the bird’s behavior, operant conditioning usually 
takes place. In six out of eight cases the resulting responses were so clearly 
defined that two observers could agree perfectly in counting instances. One 
bird was conditioned to turn counter-clockwise about the cage, making two 
or three turns between reinforcements. Another repeatedly thrust its head 
into one of the upper corners of the cage. A third developed a ‘tossing’ 
response, as if placing its head beneath an invisible bar and lifting it re- 
peatedly. Two birds developed a pendulum motion of the head and body, 
in which the head was extended forward and swung from right to left with 
a sharp movement followed by a somewhat slower return. The body 
generally followed the movement and a few steps might be taken when it 
was extensive. Another bird was conditioned to make incomplete pecking 
or brushing movements directed toward but not touching the floor. None 
of these responses appeared in any noticeable strength during adaptation to 
the cage or until the food hopper was periodically presented. In the remain- 
ing two cases, conditioned responses were not clearly marked. 

The conditioning process is usually obvious. The bird happens to be 
executing some response as the hopper appears; as a result it tends to repeat 
this response. If the interval before the next presentation is not so great 
that extinction takes place, a second ‘contingency’ is probable. This 
strengthens the response still further and subsequent reinforcement be- 
comes more probable. It is true that some responses go unreinforced and 
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some reinforcements appear when the response has not just been made, but 
the net result is the development of a considerable state of strength. 

With the exception of the counter-clockwise turn, each response was 
almost always repeated in the same part of the cage, and it generally in- 
volved an orientation toward some feature of the cage. The effect of the 
reinforcement was to condition the bird to respond to some aspect of the 
environment rather than merely to execute a series of movements. All 
responses came to be repeated rapidly between reinforcements—typically 
five or six times in I5 sec. 

The effect appears to depend upon the rate of reinforcement. In 
general, we should expect that the shorter the intervening interval, the 
speedier and more marked the conditioning. One reason is that the pigeon’s 
behavior becomes more diverse as time passes after reinforcement. A 
hundred photographs, each taken two sec. after withdrawal of the hopper, 
would show fairly uniform behavior. The bird would be in the same part 
of the cage, near the hopper, and probably oriented toward the wall where 
the hopper has disappeared or turning to one side or the other. A hundred 
photographs taken after 10 sec., on the other hand, would find the bird in 
various parts of the cage responding to many different aspects of the en- 
vironment. The sooner a second reinforcement appears, therefore, the 
more likely it is that the second reinforced response will be similar to the 
first, and also that they will both have one of a few standard forms. In the 
limiting case of a very brief interval the behavior to be expected would be 
holding the head toward the opening through which the magazine has 
disappeared. 

Another reason for the greater effectiveness of short intervals is that 
the longer the interval, the greater the number of intervening responses 
emitted without reinforcement. The resulting extinction cancels the effect 
of an occasional reinforcement. 

According to this interpretation the effective interval will depend upon 
the rate of conditioning and the rate of extinction, and will therefore vary 
with the drive and also presumably between species. Fifteen sec. is a very 
effective interval at the drive level indicated above. One min. is much less 
so. When a response has once been set up, however, the interval can be 
lengthened. In one case it was extended to two min., and a high rate of 
responding was maintained with no sign of weakening. In another case, 
many hours of responding were observed with an interval of one min. 
between reinforcements. 

In the latter case, the response showed a noticeable drift in topography. 
It began as a sharp movement of the head from the middle position to the 
left. This movement became more energetic, and eventually the whole body 
of the bird turned in the same direction, and a step or two would be taken. 
After many hours, the stepping response became the predominant feature. 
The bird made a well defined hopping step from the right to the left foot, 
meanwhile turning its head and body to the left as before. 

When the stepping response became strong, it was possible to obtain a 
mechanical record by putting the bird on a large tambour directly connected 
with a small tambour which made a delicate electric contact each time 
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stepping took place. By watching the bird and listening to the sound of the 
recorder it was possible to confirm the fact that a fairly authentic record was 
being made. It was possible for the bird to hear the recorder at each step, 
but this was, of course, in no way correlated with feeding. The record 
obtained when the magazine was presented once every min. resembles in 


every respect the characteristic curve for the pigeon under periodic reinforce- ° 


ment of a standard selected response. A well marked temporal discrimina- 
tion develops. The bird does not respond immediately after eating, but 
when 10 or I1§ or even 20 sec. have elapsed it begins to respond rapidly and 
continues until the reinforcement is received. 

In this case it was possible to record the ‘extinction’ of the response 
when the clock was turned off and the magazine was no longer presented at 
any time. The bird continued to respond with its characteristic side to 


RESPONSES 














Fic. 1. ‘Reconditioning’ of a superstitious response after extinction. The response of 
hopping from right to left had been thoroughly extinguished just before the record was taken. 
The arrows indicate the automatic presentation of food at one-min. intervals without reference 
to the pigeon’s behavior. 


side hop. More than 10,000 responses were recorded before ‘extinction’ had 
reached the point at which few if any responses were made during a Io or 
15 min. interval. When the clock was again started, the periodic presenta- 
tion of the magazine (still without any connection whatsoever with the 
bird’s behavior) brought out a typical curve for reconditioning after periodic 
reinforcement, shown in Fig. 1. The record had been essentially horizontal 
for 20 min. prior to the beginning of this curve. The first reinforcement had 
some slight effect and the second a greater effect. There is a smooth positive 
acceleration in rate as the bird returns to the rate of responding which 
prevailed when it was reinforced every min. 

When the response was again extinguished and the periodic presentation 
of food then resumed, a different response was picked up. ‘This consisted 
of a progressive walking response in which the bird moved about the cage. 
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The response of hopping from side to side never reappeared and could not, 
of course, be obtained deliberately without making the reinforcement con- 
tingent upon the behavior. 


The experiment might be said to demonstrate a sort of supersti- 
tion. The bird behaves as if there were a causal relation between its 
behavior and the presentation of food, although such a relation is 
lacking. ‘There are many analogies in human behavior. Rituals for 
changing one’s luck at cards are good examples. A few accidental 
connections between a ritual and favorable consequences suffice to 
set up and maintain the behavior in spite of many unreinforced in- 
stances. ‘The bowler who has released a ball down the alley but con- 
tinues to behave as if he were controlling it by twisting and turning 
his arm and shoulder is another case in point. These behaviors have, 
of course, no real effect upon one’s luck or upon a ball half way down 
an alley, just as in the present case the food would appear as often if 
the pigeon did nothing—or, more strictly speaking, did something else. 

It is perhaps not quite correct to say that conditioned behavior 
has been set up without any previously determined contingency 
whatsoever. We have appealed to a uniform sequence of responses 
in the behavior of the pigeon to obtain an over-all net contingency. 
When we arrange a clock to present food every I5 sec., we are in 
effect basing our reinforcement upon a limited set of responses which 
frequently occur 15 sec. after reinforcement. When a response has 
been strengthened (and this may result from one reinforcement), the 
setting of the clock implies an even more restricted contingency. 
Something of the same sort is true of the bowler. It is not quite cor- 
rect to say that there is no connection between his twisting and 
turning and the course taken by the ball at the far end of the alley. 
The connection was established before the ball left the bowler’s hand, 
but since both the path of the ball and the behavior of the bowler are 
determined, some relation survives. ‘The subsequent behavior of the 
bowler may have no effect upon the ball, but the behavior of the ball 
has an effect upon the bowler. The contingency, though not perfect, 
is enough to maintain the behavior in strength. ‘The particular form 
of the behavior adopted by the bowler is due to induction from re- 
sponses in which there is actual contact with the ball. It is clearly 
a movement appropriate to changing the ball’s direction. But this 
does not invalidate the comparison, since we are not concerned with 
what response is selected but with why it persists in strength. In 
rituals for changing luck the inductive strengthening of a particularform 
of behavior is generally absent. The behavior of the pigeon in this 
experiment is of the latter sort, as the variety of responses obtained 
from different pigeons indicates. Whether there is any unconditioned 
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behavior in the pigeon appropriate to a given effect upon the environ- 
ment is under investigation. 

The results throws some light on incidental behavior observed in 
experiments in which a discriminative stimulus is frequently pre- 
sented. Such a stimulus has reinforcing value and can set up super- 
stitious behavior. <A pigeon will often develop some response such 
as turning, twisting, pecking near the locus of the discriminative 
stimulus, flapping its wings, etc. In much of the work to date in this 
field the interval between presentations of the discriminative stimulus 
has been one min. and many of these superstitious responses are 
short-lived. Their appearance as the result of accidental correlations 
with the presentation of the stimulus is unmistakable. 


(Manuscript received June 5, 1947) 
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DISCRIMINATIVE CONDITIONING. II. EFFECTS OF A 
PAVLOVIAN CONDITIONED STIMULUS UPON 
A SUBSEQUENTLY ESTABLISHED 
OPERANT RESPONSE * 


BY WILLIAM K. ESTES 


Indiana University 


In a previous experiment (1) it was found that a tone which had 
repeatedly preceded the presentation of food to a group of rats became 
a discriminative stimulus! for a lever-pressing response which had 
previously been reinforced with food, although the response had never 
been associated with the tone prior to the test trial. These results 
were interpreted in terms of the conditioning to the tone of a changed 
state of the organism which might conveniently be described as ‘an- 
ticipation’ of the reinforcing stimulus. A possible objection to this 
interpretation is that since the lever-pressing response had been re- 
inforced in the experimental situation before the discriminative 
training, the tendency to make the response might have been present 
at some strength during the series of tone-food presentations and 
therefore directly associated with the tone. 

The following experiment has been designed to test this latter 
interpretation by determining the effect of a tone which repeatedly 
precedes the presentation of food upon a response which is not added 
to the organism’s repertoire until after completion of the series of tone- 
food presentations. In this experiment, the animals were first given 
a number of presentations of a tone followed by food; secondly, a 
lever-pressing response was reinforced with food; and finally, a test 
was made of the effect of the tone upon the strength of the response. 


SUBJECTS AND APPARATUS 


The Ss were eight albino rats, about 60 days old. The two experimental groups, hereafter 
referred to as Group A and Group B, each included one male and three females. The animals 
were fed dry Purina dog food for one hour immediately after running each day. Water was 
available in the living cages at all times. 

The apparatus has been described in detail elsewhere (3). Each rat was enclosed during 
the daily one-hour experimental period in a light-proof and nearly sound-proof box equipped 
with a retractable lever and a magazine which could be set to reinforce responses to the lever 





*This experiment was conducted in the psychological laboratories of the University of 
Minnesota. 


1 That is, presentation of the tone during the test period resulted in a significant increase in 
rate of lever-pressing. 
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with small (.05 gm.) pellets of food. Under the procedure of periodic reinforcement, a contro! 
clock was set to reinforce single responses to the lever every four min., intervening responses going 
unreinforced. When the levers were present in the boxes, a curve representing number o/ 
responses vs. time was recorded for each rat. The discriminative tones were produced by phones 
attached to a 60 cycle A.C. transformer. 


PROCEDURE 


The experimental design is summarized in Table I. During the first six days of the experi- 
ment the levers were removed from the experimental boxes. On the first day, all eight animals 
were placed in the boxes and the magazines set to deliver one food pellet per min. Each rat was 


TABLE I 


PROCEDURE 











Experimental Periods | 











} « [| 2 3 4 | 5 6 7 | 8 
Group A e) Vee. Minnnn | | ee ae 
Group B S® | ~---=--- s0(T. ...S#)--------- R--S* | T--R 








R = Lever-pressing response; T = Tone; S® = Operation of food magazine. 
¢ 

returned to the living cage as soon as it had learned to respond promptly to the click of the maga- 
zine by approaching the food tray and seizing the food pellet. Beginning with the second day, 
both groups received discriminative training under the following procedure. The animals were 
placed in the experimental boxes at the usual time, and after a few minutes the tones were turned 
on and allowed to sound for 60 sec., then a pellet of food was delivered to each rat by means of 
the magazine, and the tones were turned off. This combination of tone and food was repeated 
10 times during each of three daily experimental periods for Group A and 10 times during each of 
five periods for Group B. On the seventh day of the experiment, the levers were introduced into 
the boxes for the first time and all eight rats were conditioned to press the lever for food. Each 
rat was reinforced for the first 10 responses to the lever, then given one hour of periodic reinforce- 
ment of the response. On the eighth day, the levers were again present, but the food magazines 
were disconnected so that all responses went unreinforced. During this extinction period the 
tone was presented to the rats in Group A for two 10-min. intervals and to the rats in Group B 
for one 10-min. and one 15-min. interval in order to determine whether it would affect the strength 
of the lever-pressing response. 


RESULTs AND DIscussION 


Mean extinction records for the two groups are presented in Fig. | 
and Table II. For convenience in analysis of the data, the extinction 
period has been divided into 12 five-min. intervals. The tone was 
sounding during the seventh, eighth, eleventh, and twelfth of these 
intervals for Group A and during the fifth, sixth, tenth, eleventh, and 
twelfth for Group B. Curve C in Fig. I is a control extinction curve 
for a group of four rats taken from a concurrent experiment. ‘This 
curve illustrates the extent of irregularity ordinarily observed in an 
uncomplicated extinction curve for a group of this size. It has been 
shown in earlier experiments (2, 4) that the tone has no unconditioned 
facilitative effect upon the lever-pressing response. 
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It is clear that the tone exerted a marked discriminative effect 
upon the pressing response, although it had never previously been 
associated with the response. In every case, introduction of the tone 
was followed by a temporary increase in the rate of responding. This 
tendency is evident in Group A, but is more clearly demonstrated in 
Group B. In the latter case, the first administration of the tone 





HS, one 


x j 
€.\ Oot \ | 
5 i > % ~ fp. 
6 — 


-T4 al 
4. A. -* i i ." 4. = * 





tots 
” 
Zz 
Ot 
a 
nA: 
awl?> \s 
15 | —T—-4 
| / 
/ ° 
5 -T4 
6 12 


i 4 -_" i i 











TIME 
Fic. 1. Mean extinction records plotted by five-min. intervals, showing discriminative 
effect of the tone upon the rate of responding of Groups A and B. The tone was turned on during 


intervals 7, 8, 11, and 12 for Group A, and during intervals 5, 6, 10, 11, and 12 for Group B. 
Curve C is a control extinction curve taken from another experiment. 


TABLE II 


EXTINCTION REcorps In TERMS OF MEAN NuMBER OF RESPONSES PER 
FIVE-MINUTE INTERVAL 

















Interval 
I 2 3 4 5 | 6 7 8 9 10 II 12 
Group A 10.2] 13.5 | 11.2] 4.0] 7.2 | 7.0 |10.2*| 5.0%] 1.5 | 0.5 | 3.5%] 12.8° 
Group B 35-5 | 22.8 | 10.0] 13.0 | 31.2%] §5.5*| 2.8] 5.8 | 7.2 | 12.5*| 2.8%] 2.2° 
Group C 10.2} 10.8] 8.2] 5.0] 7.2} 68 | 3.5 | 3.5 | 5.0 | 3.2] 40] 2.8 






































* Tone sounding during interval 
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during extinction very nearly restores the rate of responding to the 
level which obtained at the beginning of the extinction period. The 
irregularity of the curve for Group A, especially during the first half 
of the hour, is probably due to the fact that these animals had less 
opportunity for adaptation of emotional and exploratory reactions to 
the experimental situation than those of Group B. 

These results are very similar to those of the earlier study (1) in 
which the experimental animals were conditioned to press the lever 
prior to the series of tone-food presentations. Since in the present 
experiment the response used to test the discrimination was arbi- 
trarily selected and could never have occurred prior to the tone-food 
trials, it is reasonable to suppose that lever-pressing is merely one 
member of an indefinitely large class of responses which could be 
brought under control of the tone by the same series of operations. 

It will be noted that the stimulus relationships in this experiment 
are similar to those of classical conditioning. In the Pavlovian situa- 
tion, a tone repeatedly precedes presentation of food to the experi- 
mental animal, but only one measure of conditioning, the salivary 
response to the tone, is obtained. The present experiment indicates 
that the changed state of the organism which becomes conditioned to 
the tone in that situation involves generalized discriminative proper- 
ties which may be measured in terms of the changed strengths of 
other responses. 


SUMMARY 


This experiment was designed to determine whether an originally 
neutral stimulus which has repeatedly preceded the presentation of a 
reinforcing stimulus (e.g., food) to an organism will exert discrimina- 
tive control over an operant response subsequently conditioned by 
means of that reinforcing stimulus. A group of rats was first sub- 
jected to a series of presentations of a tone followed by food, then 
conditioned to press a lever for food reinforcement. Finally, during 
a test period, the rate of lever-pressing was markedly increased by 
presentation of the tone and depressed during silent intervals, al- 
though the response had not previously been associated with the tone 
in any way. 

It is suggested that responses in an animal’s repertoire which have 
been conditioned by means of the same reinforcing stimulus belong 
to a functional class, and that an originally neutral stimulus which 
repeatedly precedes the occurrence of the reinforcing stimulus will 
acquire discriminative control over members of the class. 


(Manuscript received May 28, 1947) 
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THE EFFECTS OF MILD ANOXIA ON SIMPLE 
PSYCHOMOTOR AND MENTAL SKILLS * 


BY ROGER W. RUSSELL 
Department of Psychology, University of Pittsburgh 


I. INTRODUCTION 


The presence of anoxia is widespread among many varieties of 
abnormal behavior in living organisms. Its exact role is not clearly 
evident for it may be a causal factor or it may only be related to other 
aspects of the behavior, all being manifestations of some more basic 
phenomenon. McFarland (8, 9, 10) has conducted extensive studies 
of the effects of anoxia on many aspects of human behavior and of the 
behavior changes accompanying acclimatization to oxygen want. 
Bills (3), in studies comparing blocking in mental fatigue and anox- 
emia, has suggested that the former may be due, in part at least, to 
the reduction of the oxygen supply to the functioning tissues. Him- 
wich and his collaborators (5, 6, 7) have stressed the importance of 
cerebral anoxia in schizophrenia, and other forms of abnormal be- 
havior. Gellhorn (4) and his co-workers have studied the effects of 
anoxia in induced convulsive seizures and in relation to certain 
characteristics of the conditioned response. From these studies he 
has proposed that, in the case of shock therapies for mental disease, 
‘*. . . the beneficial effect is based on the development of a reduced 
rate of oxidation in the brain with subsequent stimulation of the 
sympathetic division of the autonomic nervous system” (4). These, 
and many other research reports, have indicated that oxygen changes 
affecting metabolism may be fundamental physiological factors in a 
variety of abnormal behavior patterns. 

The present study ! is one of a series originally motivated by the 
practical need to learn the effects of anoxia on the various skills re- 
quired of the heavy-bombardment air-crew. During the course of 
these studies it became apparent that there occurred behavior changes 
to short as well as long exposures to anoxia. It is believed that the 
observations to be reported supplement the detailed and extensive 
information available on long duration anoxic effects and add to an 
understanding of the role of anoxia in abnormal behavior patterns. 

Two hypotheses had been developed on the basis of casual ob- 
servations of behavior under anoxic conditions: (1) Mild anoxia causes 


1 The data reported here were obtained by the author during a project of the AAF Aviation 
Psychology Program. 
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an immediate decrement in the performance of simple psychomotor 
and simple mental skills; and (2) rapid adjustment occurs in these 
simple skills as the time under mild anoxia increases. These hy- 
potheses have been tested and both appear to be substantiated by 
the results. 

Previous studies have contributed to the testing of these two 
hypotheses, although the samples have been limited in size and, fre- 
quently, desirable controls have not been operative. Also the ma- 
jority of studies have been concerned with the effects of anoxia over 
periods of hours or days, rather than minutes as is the case in the 
present study of short-duration effects. The results ? tend to indicate 
that: “Simple sensory and motor responses are not seriously impaired 
until the subject approaches collapse from O: want, and then the loss 
appears to be fairly sudden” (8). “The effect is more marked in 
mental than in physical work and the more habitual the task the less 
the effect” (14). There exists an “. . . unusual capacity of the 
organism to become adjusted to a deficit of oxygen in the inspired air, 
provided a long enough time is allowed for acclimatization to take 
place” (10). “*. . . There are very definite deteriorating effects due 
to a reduction in oxygen pressure for unacclimatized man which may 
be first manifested in the neighborhood of 12,000 feet and which be- 
came marked at 15,000 to 17,000 feet . . .”” (10). Most of the in- 
vestigations from which these results have been culled were designed 
to study deterioration and adaptation over relatively long periods of 
time with varying degrees of anoxia. The present research deviates 
from them in that the time dimension over which anoxia effects have 
been noted was relatively short, i.e., 35 min. in all instances reported. 
These short-duration effects may prove to be of as great interest to 
the student of behavior as are the relatively long-duration effects 
previously studied. 


II. METHOD AND PROCEDURE 


The method of difference design used in the research is diagrammed below. Three de- 
pendent variables were investigated: (1) finger dexterity; (2) arm-hand coordination; and (3) 
simple addition. Finger dexterity was measured in terms of the number of pegs turned on a 











Group Initial Intermediate Final 
Experimental Ground altitude Simulated 18,000 feet Ground altitude 
(Normal) altitude (Anoxic) (Normal) 
Control Ground altitude Ground altitude Ground altitude 
(Normal) (Normal) (Normal) 














? For detailed summaries of the history of anoxia and its psychological effects the reader is 
referred to McFarland (8) and Van Liere (15). 
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peg-board in a two-min. time period; arm-hand coordination, by the number of pegs moved from 
one position to another on a pegboard in a similar period; and, simple addition, by the number of 
problems completed correctly in a three-min. period. A more complete description of these per- 
formance measures will follow. The first two have been classed as simple psychomotor skills, 
and the third, as a simple mental skill. 

In this study mild anoxia is defined in terms of the barometric pressure to which the experi- 
mental subjects were exposed and the length of time during which they were exposed, i.e., 380 
mm. Hg (equivalent to 18,000 feet of altitude) and 35 min. exposure. ‘This is equivalent to one- 
half the barometric pressure at sea level (760 mm. Hg), the partial pressure of oxygen under these 
experimental conditions being 80 mm. Hg. At no time during these experiments did the anoxic 
condition of even a single S reach the point of causing a neuro-circulatory collapse. Van Liere 
(15) in his monograph on anoxia warns that: “In discussing the effects of oxygen wants on physi- 
ologic processes, it is generally recognized that four factors determine the response of an organism 
under low oxygen tension: (1) the suddenness of the production of oxygen want; (2) the degree 
of severity of oxygen want; (3) the duration of oxygen want; and (4) the physical condition of 
the body.” It will be seen in examining the procedure followed in the present experiments that 
all possible precautions were taken to ensure that these variables were controlled throughout each 
phase of the research. 


Great care was taken to control all relevant variables other than the independent and 
dependent variables. 


1. Selection of subjects.—A total of 244 Ss participated in the experiments, 67 in the finger 
dexterity group, 81 in the arm-hand coordination group, and 96 in the simple addition group. 
Each group was further divided into two sub-groups, i.e., experimental and control. All Ss 
were Air Force cadets undergoing classification of the Santa Ana (California) Army Air Base. 
Because of the rigid requirements for cadets, the Ss constituted a carefully selected and relatively 
homogeneous group in terms of their physical condition. All were between the ages of 18 and 27 
years. They had taken at least one previous ‘flight’ in the high altitude chamber and were 
acquainted with procedures followed as well as with the conditions associated with decreased 
barometric pressure. No S was selected unless he volunteered for the experiment and no single 
S was allowed to serve in more than one experimental session. 

2. Initial equality of groups in the skills studied —Experimental and control groups for 


each skill were comparable on the basis of initial performance scores. Table I shows their 
comparability. 












































TABLE I 
CoMPARABILITY OF Groups IN INITIAL LEVELS oF PERFORMANCE 
ees eh | — | ” 
Finger Dexterity Arm-Hand Coordination Simple Addition 
Group nanicanen = l 
(N = 43) (N = 24) (N = 50) (N = 31) (N = 48) | (N = 48) 
Expt. Control Expt. Control Expt | Control 
Mean 40.06 40.10 | 35.91 36.78 | 24.12 | 25.12 
oM 0.69 0.81 | 0.38 0.49 = | 0.84 | 1.18 
| | i 
| = | 
CR | 0.04 1.40 0.69 
{ 





3. Comparability of experimental and control situations.—All experimentation was conducted 
in the high altitude chamber at the Santa Ana Army Air Base. This chamber was of the standard 
type used by the Army Air Forces in which high altitude conditions were simulated by the reduc- 
tion of barometric pressure. The chamber was operated by a trained crew under the supervision 
of medical officers. The Ss were seated in the chamber and standardized instructions concerning 
the measuring of the skill under study were given. Initial trials (three in the case of finger dex- 
terity and arm-hand coordination and one in the case of simple addition) were run in the chamber 
at ground level. The experimental Ss were taken to a simulated altitude of 18,000 feet at a rate 
of climb of approximately 6000 feet per min. Immediately yy reaching this altitude a fourth 
trial was run. Seven subsequent trials at that altitude followed at five-min. intervals, the com- 
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pletion of each trial coinciding with the end of each interval. Hence, eight trials at 18,000 feet 
comprised the experimental trials obtained under anoxic conditions during a total elapsed time 
of 35 min. Immediately following the eighth trial (18,000 feet) descent was begun at a rate of 
3000 feet per min. At ground level additional trials, corresponding in number to the initial pre- 
anoxic trials, were run in the chamber. 

The control Ss were treated in exactly the same manner with the exception that they were 
not subjected to anoxic conditions. Following the initial trials at ground level they were told 
that they were to ascend to the experimental altitude. They were then taken rapidly to an 
altitude of 500 feet and slowly returned to ground level, arriving there after exactly the same time 
required by the experimental group to reach 18,000 feet. This procedure was followed in order 
to control for any suggestion factors which might have been associated with the flight itself and 
which might have influenced the results. The subterfuge appeared to serve its purpose, for 
check lists indicated that control Ss believed the flight to the experimental altitude actually had 
been made. Trials followed exactly the same time schedule as that of the experimental Ss. 

4. Controls during the experimental periods.—Care was taken to standardize instructions and 
testing procedures for all experimental and control groups. The £ took oxygen for the entire 
anoxic period to eliminate the possibility of errors in the administration of the trials and in the 
recording of the results. Oxygen equipment was also worn during the corresponding control 
period. 

5. Checks on physical condition of subjects—All Ss were checked by medical officers prior to 
entrance into the chamber. No Ss with head colds or other temporary disorders, which might 
possibly affect the experiments, were allowed to participate. No neuro-circulatory collapses oc- 
curred during the entire series of experiments. 

6. Apparatus.—Finger-dexterity was measured by performance on a square-peg board test. 
The apparatus consisted of a conventional peg-board fitted with 48 square pegs with round tops. 
Tic S was required to remove each peg from its hole in the board, rotate it through 180° in a 
cic’ wise direction by means of the thumb and forefinger, and replace it in the hole from which 
it had been removed. 

The apparatus for measuring arm-hand coordination consisted of a board containing 48 holes 
and 44 dowel-pins. The dowel-pins were arranged in such a way that one row of holes in the 
center of the board was vacant. The S was required to transfer the pins from one-half of the 
board to the other, according to a prearranged sequence. No rotation of pins was necessary. 

The tests of simple addition included 50 problems each. A problem consisted of a row of 12 
digits. Preceding each row was an underlined total which the S was to find by adding the digits 
from left to right. Ss were instructed to draw a short vertical line to the right of the last digit 
necessary to arrive at the desired total. Thus, the S was not required to write his answer. 
Seven equivalent forms of the test were available. Three forms (the first, second and third) were 
administered twice to make the total of 10 tests required for the experiment. 


III. Resutts 


1. A decrement in level of performance appeared immediately after 
the introduction of mild anoxia.—Figs. 1, 2 and 3 present the mean 
levels of performance of experimental and control groups in the three 
skills studied. Anoxia was introduced immediately following trial 3 
in the case of finger dexterity and arm-hand coordination and trial 1 
in the case of simple addition. It will be noted in all figures that 
a sudden decrement in performance occurred at this point, reaching 
an asymptotic level within two or three trials (10-15 min.). 

Another method of analyzing the data on this point is to compare 
the performance of each individual on trials 2-14 or 2-10 with his 
performance on his initial trial. This method has the advantage of 
eliminating the variable of inter-individual differences, since each S 
serves as his own control. When such a procedure is followed, the 
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same trend is indicated as in the previous analysis. The most sig- 
nificant single observation from these data is that the increasing level 
of performance of the control groups is paralleled in the experimental 
group by a decreasing level of performance during the period immedi- 
ately following the introduction of anoxia. 

2. Following an initial decrement in level of performance, adjustment 
occurred as the time under mild anoxta increased.—Analysis of the data 
presented above indicates a consistent rise in levels of performance 
with increasing time under anoxia following the initial decrement. 
This indicates an adjustment to the anoxic conditions. ‘Theoreti- 
cally, adjustment can be said to be complete when the performance 
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level once again reaches the level just preceding the introduction of 
anoxia. It should be noted that performance actually exceeded this 
level, although it did not match the performance of the control during 
the anoxic period. 

3. In addition to the adjustment process there occurred improvement 
with continued practice under the anoxic conditions.—Examination of 
the data previously presented indicates that more than mere adjust- 
ment occurred during the later trials under anoxic conditions. Im- 
provement took place with practice as indicated by the fact that the 
final trials, even those under anoxia, were at higher levels of per- 
formance than the initial trials. These differences in performance, 
with the exception of finger dexterity, are statistically significant. 
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‘The slope constants for the experimental period of improvement 
under anoxia and for the corresponding period for the control groups 
were calculated. In all cases the slope constants for the experimental 
groups exceed those for the controls, indicating a more rapid rate of 
improvement with practice for the experimental Ss. 


IV. Discussion AND INTERPRETATION 


Within the limits of the research design the following conclusions 
may be drawn from these experiments. 

1. Mild anoxia produces an immediate interference in the perform- 
ance of simple psychomotor and mental skills——The interference was 
observable after five min. exposure to oxygen deficiency and was 
exhibited by a decrease in level of performance. 

This conclusion may appear to be in contradiction to the conclu- 
sion reached by McFarland (8) and quoted in the introduction to this 
report that “‘simple sensory and motor responses are not seriously 
impaired until the subject approaches collapse from Oz want... .” 
The present impairment was observed with none of the customary 
signs of collapse. This impairment was statistically significant but 
might not be interpreted as being ‘serious,’ since rapid adjustment 
also occurred. 

McFarland and Dill (10) report in a later study that “‘. . . there 
are very definite deteriorating effects due to a reduction in oxygen 
pressure for unacclimatized man which may be first manifested in the 
neighborhood of 12,000 feet and which become marked at 15,000 to 
17,000 feet. . . .”’ The present results substantiate this generaliza- 
tion in terms of short-duration effects. 

The general tenor of the present results supplements other re- 
search which has indicated significant effects of mild anoxia on other 
levels of behavior. For instance, Barach (1) and Barach and Kogan 
(2) in comparing the gross behavior of a group of students and a group 
of mental patients observed a “. . . lack of emotional restraint . . .” 
accompanying anoxia induced by a simulated altitude of 12,400 feet. 
Smith (12) and Smith and Seitz (13) in experimentation on speech 
intelligibility under conditions of anoxia conclude that, “Under stand- 
ard conditions speech intelligibility is shown to decrease with increas- 
ing altitude.”” Curves for speech intelligibility as a function of time 
under anoxic conditions (10,000 feet) presented by Smith have the 
same general shape as those of the present study, although the time 
axis is extended to hours rather than min. The effect of anoxia 1s 
observable in terms of a decrement in intelligibility between the first 
and second tests of the experimental group. 

All these observations indicate the sensitivity of the human organ- 
ism to changes in oxygen supply. There are several causes for the 

















EFFECTS OF ANOXIA ON SKILLS 185 


decrease of oxygen supply in the human organism. It is reasonable 
to suppose that behavior changes will be induced regardless of the 
specific cause of the deficiency. How extensively anoxia operates in 
affecting such behavior changes is a problem in need of systematic 
investigation. 

2. In the performance of simple psychomotor and mental skills the 
human organism 1s capable of rapid adjustment to mild anoxia.—The 
exact nature of this adjustment cannot be described at the present 
state of knowledge. It is an empirical concept observable in terms 
of an improvement in performance following the initial decrement 
induced by mild anoxia. In reality it may represent a rapid adapta- 
tion of the organism to the oxygen want, a form of acclimatization 
discussed by McFarland in connection with behavior changes over a 
relatively long period of time. It may be a matter of increased effort 
on the part of the S as suggested by Smith (12) in his discussion of the 
‘end-spurt’ observed in some of his studies. It may be the result of 
other changes in motivation similar to those proposed by Seitz and 
Keller (11) in their study of oxygen deprivation and conditioning in 
the white rat. Or the observed improvement may be accounted for 
by the combined action of several of these factors. 

3. This adjustment 1s sufficient to allow improvement with practice 
to occur very soon after the mild anoxia 1s induced.—One of the most 
interesting theoretical points concerning the effects of oxygen changes 
on behavior is the influence exerted on the learning process. Mc- 
Farland (9) in one of his reports of psychophysiological studies at 
high altitudes in the Andes stresses the importance of critical altitudes 
(17,500 feet and above) where significant impairment occurs in such 
functions as rote memory, associated memory and intraserial phe- 
nomena. On the other hand, Seitz and Keller (11) report experi- 
mental results on oxygen deprivation and conditioning in the white 
rate which “. . . would seem to indicate no discernible effect of low 
oxygen upon the learning process itself. .. .” Their experiments, 
involving the conditioned lever pressing response, were conducted at 
a simulated altitude of 17,500 feet. The present experiment indicates 
that, over short periods of time, the adjustment of the human organ- 
ism is sufficient to allow improvement with practice in simple psy- 
chomotor and simple mental skills to occur very soon after the mild 
anoxia is induced. 

Why the rate of improvement was greater for the experimental 
than for the control groups is puzzling. One explanation appears to 
lie in the possibility that the control groups were approaching their 
performance limit on each of the tasks, while the experimental groups, 
due to the initial decrement in their performances under anoxia, had 
farther to go to approach this same limit. 
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V. SUMMARY 


An investigation of the effects of mild anoxia on three simple 
psychomotor and mental skills has been conducted. The skills 
studied were finger dexterity, arm-hand coordination and simple 
addition. 

Two hundred and forty-four Army Air Corps Cadets served as Ss. 
Each S participated in only one experiment. They were divided into 
sub-groups equal in initial level of performance on the skill in ques- 
tion. ‘The experimental sub-group in each case was subjected to mild 
anoxia, while the control sub-group was tested always under normal 
oxygen conditions. The mild anoxia was induced by reducing the 
barometric pressure in a high-altitude chamber of the variety used 
throughout the war by the Army Air Forces. Time under anoxia 
was held constant at 35 min., since the study was concerned with the 
short-duration effects of the anoxic conditions. 

The results justify three conclusions. (1) A decrement in level 
of performance appeared immediately after the introduction of mild 
anoxia. (2) Following an initial decrement in level of performance 
rapid adjustment occurred as the time under mild anoxia increased. 
(3) In addition to the adjustment process there occurred improve- 
ment with continued practice under the anoxic conditions. 


(Manuscript received June 18, 1947) 
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VISUAL FIELD ARTICULATION IN THE ABSENCE 
OF SPATIAL STIMULUS GRADIENTS 


BY CARL R. BROWN 
University of Michigan 
AND 


J. W. GEBHARD 
Johns Hopkins University 


INTRODUCTION 


It has been pointed out (11) that intermittent, spatially uniform 
stimulation of the entire, or nearly entire, retina gives rise to an 
articulated visual field of considerable complexity. It was suggested 
that this phenomenal articulation be considered the general mani- 
festation of random metabolic variations in the visual mechanism so 
that patterns were developed in excitation, notwithstanding uniform 
stimulation. ‘This hypothesis will be considered in greater detail later 
in this paper. ‘The observations reported here attempt a further 
examination of these visual ‘transient’ phenomena. 


Purkinje (24), in a remarkable work, reported a large number of sub- 
jective effects produced by fixating a bright surface and waving the fingers 
rapidly before the eyes to produce intermittence. ‘These so-called ‘Licht- 
Schattenfiguren’ he grouped into primary and secondary forms. The 
‘primary’ figures, best seen with eyes open toward a bright surface, include: 
(a) large and small quadrilaterals (Vierecke) alternately light and dark, 
making up a checkerboard pattern (Wiurfelbrett); (b) shifting zigzag lines; 
(c) hexagons toward the bottom of the field with gray contours and white 
interiors; (d) a rose leaf pattern (Rosettfigur) in the center of the field. 
Closed eyes in direct sunlight disclose with intermittence the secondary 
patterns: a rectangular spiral (Schneckenrechteck) and a fan-like form com- 
posed of eight rays (Achtstrahle). 

Thomsen (27) gave considerable attention to Purkinje’s subjective fig- 
ures and has attempted an explanation of the primary patterns. He sug- 
gested that the quadrilaterals may be explained by assuming that the retina 
is divided functionally into quadrilateral fields which somehow become 
visible with intermittence. The zigzag lines were held related to similar 
phenomena observed in flicker scotoma. The hexagons he treated, with 
Wolffberg (30), as the entoptic visibility of the hexagonal cells of the pigment 
epithelium. Finally, the rosette figure was considered an outgrowth of the 
retinal capillary arrangement. 
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Concerning the secondary figures, Thomsen made no positive sugges- 
tions. 


Helmholtz (13) referred to Purkinje’s observations with little comment, 
but described his own perceptions when pressure was exerted against the 
eyeball. Purkinje had also systematically described pressure images (Druck- 
phosphene) and found them to contain many of the patterns produced by 
intermittence. Helmholtz, however, noted something more nearly like 
certain phenomena to be reported below. He saw at first a finely patterned 
field of diverse colors which sometimes appeared as though strewn with fine 
leaves or moss. This then became a pattern of bright brownish-yellow 
quadrangles and fine lines, and lastly developed into dark lines on a brownish- 
yellow background. It sometimes appeared as complex, star-shaped figures 
and a weaving, maze-like pattern. He also reported the presence of bright 
blue and red sparks in certain parts of the field. 

Muller (20) studied irregular and non-specific images in the light and 
dark visual field that are not dependent upon external stimulation. He 
believed them due to influences of other physiological systems upon the 
visual apparatus. 


PROCEDURE AND RESULTS 


The following observations were carried out in a dark room with stimulation of the left eye: 
the right eye was covered, except as indicated below. The authors were the two observers. 


Experiment I. Differentiation of Two Phases 


Preliminary observations were made with the aid of a flashed opal diffusing screen as near 
to the eye of S as possible. Illumination was provided by a projection system. An episcotister 
with two 90° open and two go° closed sectors was placed in the light beam at the point of focus 
and was driven by a variable speed motor. 


Observation of the visual field at any flash frequency from two 
flashes per sec. (f.p.s.) to 20 disclosed a most remarkable and beautiful 
display of color and form perceptions. ‘These were roughly similar 
to Purkinje’s and Thomsen’s descriptions, but important differences 
are to be noted. In agreement with Helmholtz, the effects seen by 
the authors did not show the regularity implied by Purkinje and 
Thomsen. The visual field was comprised of forms in a continual 
state of motion and only momentarily could any particular pattern 
be observed. Rarely did any single pattern completely dominate the 
field. ‘This involved state of perceptual flux at first appeared merely 
kaleidoscopic until careful observation distinguished two phases, a 
bright and a dark. These underwent a slow, irregular fluctuation. 

Bright phase—During the bright phase the field was dominated 
by certain characteristic geometrical patterns. ‘These were some- 
times in the form of windmill vanes (probably the Achtstrahle of 
Purkinje and the Muhlenflugel of Thomsen) and sometimes in the 
form of a checkerboard (Wurfelbrett). ‘They were alternately yellow 
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and blue of remarkable saturation. From time to time fleeting bands 
of hues arranged themselves across the field in a form suggestive of 
a rainbow. It was impossible to ascertain the number of distinct 
hues in the bands, nor could the order of hues be determined. Ap- 
parently all hues were present. They appeared in all positions of 


the field, sometimes appearing to originate in the center of the field, 
sometimes not. 


The chief disagreement between the observers was with respect 


to the hexagons. One experienced them easily, but the other saw 
them only rarely and then indistinctly. 

Dark phase.—This phase was much simpler and consisted of a 
writhing mass of violet flecks against a yellow-green background. 
The areas of violet and yellow-green were nearly equal—perhaps the 
violet area was larger—yet the yellow-green always appeared to be 
the ground. The violet flecks were observed as being irregularly 
angular in shape, and the patches which they made up seemed to 
become coarser as the flicker frequency increased. Their constant 
motion was rapid and curvilinear. 


Experiment II. Effect of Contour 


Upon the assumption that there is a direct relationship between heterogeneity in the stimu- 
lus field and segregation, an effort was made to provide a physically homogeneous stimulus condi- 
tion in order to study the phenomenon in its simplest form. An attempt was made (1) to produce 
a field having no external limits other than those imposed by the margins of the orbit,! and (2) 
to achieve a field free from texture and other inhomogeneities. 

A short piece of thin-walled brass tubing three in. in diameter was fitted snugly over the left 
eye by shaping to fit the irregularities of the face. A layer of dentist’s wax was placed around 
the shaped edge and, after warming to soften, was molded exactly to required form by moderate 
pressure against the parts of the face surrounding the eye. The other end of the tube was re- 
cessed to hold a flashed opal diffusing screen placed as close to the cornea as possible. This 
device was clamped to S’s face and the chamber between the screen and the cornea was filled 
with clear mineral oil. Since the refractive index of the mineral oil (1.48) is greater than that 
of the cornea (1.376), the effect is to transform the cornea into a weak negative lens. Since the 
cornea normally contributes about 43 diopters of the total 59 diopters of the eye’s refracting 
power it was hoped that the oil chamber would virtually eliminate both boundary and tex- 
ture of the field. The superior and inferior margins were entirely invisible, but in the temporal 
and nasal regions, where the visual angle is greatest, the edges of the field were still visible. The 
external surface of the flashed opal screen was illuminated by a powerful beam of parallel rays 
and it is believed that this method eliminated intensity gradients within the field of vision. The 
light was interrupted by a variable speed episcotister as before and no light was permitted to enter 
the right eye. 





1 Previous attempts to achieve a total stimulus field have employed rather cumbersome 
methods. Aubert (2) had S sit close to a small illuminated screen and depended upon convergence 
to make the screen area fill the entire visual field. Dunlap employed a large, internally illumi- 
nated sphere in which the head was placed, and Garten (10) designed a cylindrica] field illuminated 
from behind. Most recently, Engel (7) filled the entire visual field with a large wall surface, but 
Metzger (19), who used the same method, was not able to escape the problem of texture at high 
illuminations. It was thought that a more compact ‘total field’ could be constructed, and because 
the attempt reported here was not completely successful, research is now being undertaken with 
a more promising method. 
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Under these better controlled conditions the perceptual phenom- 
ena were not different from those observed in Experiment I. The 
two-phase effect was still the most conspicuous aspect of the observa- 
tions. Apparently, the extent to which field boundary and texture 
were reduced by this procedure had no appreciable effect on the 
perceptual segregation. 


Experiment III. Binocular Rivalry 


In experiments I and II the left eye was stimulated and the right 
eye was dark. The slow alternation of the two phases suggested 
binocular rivalry so strongly, in spite of the contradiction offered by 
the supposed uniocular stimulation, that steps were taken to obtain 
additional evidence. Additional apparatus in the form of a plaster 
of Paris cast to fit the upper half of S’s face was made. ‘The brass 
chamber described above was set into the cast over the left eye and 
a smaller tube fitted with a light-proof screw cap was set into position 
over the right eye. A small hole was drilled into the right hand tube 
in such a position that light could be projected into the right eye at 
such an angle as to produce a weak, diffuse illumination of the nasal 
periphery. Employing the well-known procedure in binocular rivalry 
of introducing a change in one monocular field to make it the domi- 
nant one, the right eye was briefly illuminated at irregular intervals 
and the relationship to the phases was noted. It was observed that 
whenever the bright phase was dominant, stimulation of the right 
(dark) eye brought instant dominance of the dark violet and yellow- 
green pattern. It seems evident, therefore, that the violet and 
yellow-green pattern is a function of the externally dark eye and that 
the phenomena of the bright phase occur in that portion of the optic 
sector served by the directly stimulated eye. Is the ‘externally dark’ 
eye nevertheless stimulated? We consider this question in a later 
section. 


Experiment IV. Effect of Intermittence, Composition and Intensity of 
Illumination 


It has been stated that perceptual segregation occurs under steady 
homogeneous stimulation, but is greatly enhanced by intermittent 
illumination. As already noted, with steady light fleeting bands of 
colors are seen in the visual field. Described more accurately, they 
consist of multizone bands of approximately 5°—10° total width, which 
appear now in one meridian, now in another. All spectral hues and 
purple are represented in low saturation and indeterminate order. 
They appear strikingly rainbow-like, in spite of the peculiar uncer- 
tainty of the order of the various hues. However, the facts of the 
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appearance of these ‘rainbows’ in different meridians at different 
times, and of their presence when filtered light is used, seems to be 
sufhcient evidence that they are not due to physical artifacts. The 
angular violet flecks against the yellow-green background are visible 
also. With slow intermittence, two f.p.s., the phenomena of both the 
light and dark phases become clearer and more numerous. They 
remain, however, essentially the same. As the flash frequency is 
increased up to 20 f.p.s., the violet and yellow-green pattern of the 
dark phase appears to become coarser. 

The effects so far described were obtained with unfiltered, almost 
white tungsten light providing a field brightness at the flashed opal 
diffusing surface of approximately 200 millilamberts. A series of 
observations at various flash frequencies was also undertaken with 
red and green light.2, The red field had a brightness of 1.5 milli- 
lamberts and the green of 12 millilamberts, approximately. With 
both the field articulation was similar to that observed with white 
light. ‘The familiar field desaturation phenomenon was observed 
and against the resulting gray the vari-colored bands and the violet 
and yellow-green pattern were clearly seen. Evidently field articula- 
tion does not depend upon the composition of the illuminant. 

Even more remarkable is the fact that chromatic perceptions per- 
sist when the intensity of the stimulus light is below the cone thresh- 
old. With red illumination of the limited wave-length range already 
referred to, and intensity below the chromatic threshold, the two- 
phase effect under intermittence was present in an essentially unaltered 
form. ‘The suggestion was made in Experiment III that the violet 
and yellow-green pattern of the dark phase is related to activity in 
the externally dark eye. Corresponding to this is the further observa- 
tion that this pattern is continuously visible in total darkness to both 
authors for periods up to an hour or more. A close examination of 
the perceptions of the so-called ‘light chaos’ revealed its presence in 
a clear and unvarying form throughout the course of dark adaptation 
and after. 


Experiment V. Relation of Dark Phase to Bioluminescence 


The ubiquitous violet or blue images observable in many visual phe- 
nomena have attracted the attention of numerous observers. Helmholtz 
(13) mentioned a ‘watered silk’ effect in intermittent illumination. Ives 
(14) found, in her investigation of the flight of colors, that the intrusion of 
a violet phase interfered with the chromatic order of the after-images. The 
color sequences would have been almost completely regular and reproducible 


* The chromatic illumination was the same used in a previous investigation (11). The red 
contained no wave lengths shorter than 650 mu and the green had a spectral centroid of approxi- 
materly 560 mu for ordinary incandescent illumination. 
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under the same conditions, if the violet phase could have been omitted. 
Young (31) reported the presence of purple or rose-hued clouds on the sur- 
face of a rotating mirror in his differential color mixer. He tentatively 
suggested that this might be subjectively visible rhodopsin. Bidwell (3), 
in experiments on the ‘ghost,’ attributed the violet coloration of this after- 
image to the postulated V fibers—processes—of the retina. Most recently, 
Friedman (g) has called attention to the prevalence of blue in entoptic 
phenomena. 

Judd (15), to account for the three stages of the Purkinje after-image 
encountered in his work on that problem, suggested a hypothesis of second- 
ary stimulation referred to as bioluminescence. ‘This hypothesis originated 
in an attempt by Druault (5), and later by Ladd-Franklin (18) independ- 
ently, to explain the phenomenon of the blue arcs of the retina, an effect 
which may well be related to certain aspects of the violet and yellow-green 
pattern. According to this view, it is assumed that some retinal structure 
gives off, after excitation, visible light of a whitish-violet character.’ It is 
important to note in this connection observations by Gertz (12) and Ladd- 
Franklin (18), who claim that the blue arcs are followed by a complementary 
after-image.* Since the arcs are a reddish-blue, their after-image would be 
a yellowish-green. ‘These hues, insofar as can be judged, correspond to 
those of our violet and yellow-green pattern. Upon the assumption that 
the violet aspect might be due to a retinal emission effect and that the 
yellow-green was the residual image of it, an attempt was made to obtain 
direct evidence of any radiations emitted by the unstimulated retina, the 
apparent seat of the phenomena of the dark phase. 


Direct examination of the right, dark (so far as illumination 
through the pupil is concerned) retina by means of a carefully shielded 
ophthalmoscope, while the left retina was being stimulated by inter- 
mittent light, failed to disclose anything. Even with prolonged dark 
adaptation, the examiner was unable to see what was plainly visible 
to S.5 Druault (§) had anticipated this difficulty in suggesting that 
since the light emitted was of short wave length it would probably be 
absorbed by the ocular media. Here, since the eye of the examiner 
was also involved, the increased absorption of the radiation—if any— 
might doom the venture at the outset. 

It was then thought that some photographic indication of retinal 
emission might be obtained by fitting the right eye-piece of the plaster 


3 The bioluminescence hypothesis, supported by Druault (5), Ladd-Franklin (18), and Judd 
(15), is an alternative to a view of secondary electrical stimulation held by Gertz (12), Troland 
(28), Amberson (1), Newhall (21) and others. The theoretical problem of the blue arcs is re- 
viewed by Friedman (8). 

4 Newhall (21) questions the sufficiency of the evidence here, since Gertz and Ladd-Franklin 
themselves are the only persons who have ever reported the residual image. None of their Ss 
did, nor did any of Newhall’s. 

8 Ellis (6), observing directly a frog’s retina, failed to see any visible light accompanying 
stimulation. 
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cast described in Experiment III with an orthochromatic emulsion.® 
In anticipation of light leakage from one eye to the other through the 
head, the left eye tube was equipped with a red filter transmitting no 
appreciable radiation shorter than 650 my. Since orthochromatic 
emulsions are relatively insensitive to red light, this was thought to 
be something of a safeguard. 

Exposures up to 30 min., while the left eye was being inter- 
mittently stimulated, were made. ‘The 30 min. exposures produced 
some faint fogging of the film, but the experimental conditions do not 
permit attributing this to light emitted from the retina. Considera- 
tion must be given to the possibility of leakage of light from one orbit 
tothe other. Skin and muscle tissues are by no means opaque to light 
and the contents of the orbit, while dense, cannot be expected to 
absorb all radiation. ‘The medial wall of the orbit is to a large extent 
comprised of an extraordinarily thin bone, such that its name is 
derived from that fact (lamina papyracea). This bone lies between 
the orbit and the ethmoidal cells, which in turn separate the orbit 
from the upper portion of the nasal fossa. The ethmoidal cells, 
usually 8 or 10 in number, are separated from each other by thin, 
bony partitions.’ This arrangement of delicate bones and air cells 
which open upon one another is not an ideal absorption medium and 
the effectiveness of the long exposure time to produce fogging of the 
negative may well be due to light leakage. The adequacy of the 
control—use of red light—is something less than ideal, since ortho- 
chromatic negative materials are not blind to the red light used, but 
only relatively insensitive to it for short exposures. If appreciable 
interocular light leakage is a fact, it would have important bearing on 
the apparent factor of binocular rivalry described in Experiment II], 
and the bioluminescence hypothesis becomes extremely dubious. 


DIscuSssION 


The conditions which give rise to perceptually articulated visual 
fields are undoubtedly of many levels of complexity ranging from 
total darkness to the extraordinarily complex stimulations which are 
met in every-day seeing. In total darkness, as is well known, articula- 
tion is not lacking. ‘The so-called light-chaos, or intrinsic light, is 
visible as a series of allegedly achromatic waves and currents. Ac- 
cording to Helmholtz, the self-light is always whitish, but Friedman 
(9) has reported the presence of blue bands, and the authors have 


* Ladd-Franklin noted, as corroborative of her view, that living tissue had been photographed 
by its own light by Nodon (22). Davis (4), in a criticism of Ladd-Franklin’s explanation of the 
blue arcs, cites a review by Keenan (17) bearing on the photographic evidence. According to 
the latter, Nodon’s ‘radiations’ appear to be due to the evolution of hydrogen peroxide. 

7See Whitnall (29); especially pp. 48-55 and p. 63. 
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found the phenomena of the dark field to be characterized in their 
perceptions by the motile violet and yellow-green pattern. Next in 
terms of stimulus complexity might be a stimulus field completely 
without contour and illuminated homogeneously with steady light 
of an intensity below the cone threshold. Nearly on the same level 
with this condition is that in which the homogeneous field is illumi- 
nated with steady monochromatic light, such as red, so chosen as to 
affect only one of the photochromatic receptor processes. <A further 
step is the use of light whose composition stimulates more than one 
of the photochromatic processes. With these last three conditions 
faint bands of hues appear in all meridians to give the non-spectral 
rainbow effect. The violet and yellow-green pattern in the un- 
stimulated eye is as usual. Use of white light does not appreciably 
alter the perceptions. When the illumination is made intermittent, 
the phenomena just mentioned become clearer and several new forms 
appear. A spoke-like figure (the Achtstrahle) of alternate yellow and 
blue is seen, which occasionally gives way to a checkerboard (Wurfel- 
brett) effect. Special patterns of intermittence such as are used to 
produce the Fechner-Benham phenomena and stationary stimulus 
arrangements such as the Luckiesh-Moss line patterns also must be 
included somewhere in the catalog. 

Articulation, then, not known at present to be specifically depend- 
ent upon retinal structure, occurs under the very simplest stimulus 
conditions that have been studied. While the results reported here 
are not in complete agreement with Purkinje (24), Thomsen (27), 
and others, all investigations indicate some regularity and constancy 
in the basic patterns observed. For Purkinje and Thomsen these are 
chiefly the checkerboard and windmill effects, although certain others 
are mentioned. For the conditions observed here the ‘windmill’ 
pattern with indistinctly contoured blue masses between the yellow 
arms, or bands of vari-colored hues and the mottled violet and yellow- 
green pattern are most characteristic (Experiment I). Of the two, 
the violet and yellow-green pattern appears to be the more general. 
It is present in total darkness and is demonstrated to be the phenom- 
enon of the externally dark eye under conditions where only the other 
eye is directly stimulated. The rainbow colors require that the retina 
be illuminated, although they may develop below the cone threshold, 
with and without intermittence, and with chromatic illumination as 
well as white light. 

We thus have to try to explain at least two well differentiated 
kinds of field articulation, to which there are no known corresponding 
stimulus patterns. This problem is complicated further by the fact 
that one kind of field articulation seems to depend in some obscure 
way upon an eye which is completely shielded from external light. 
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Taking the latter point first, we have to consider the following 
hypotheses: (a) the violet and yellow-green, or dark-eye (Experiment 
III) pattern is of exclusively central origin. But if so, the mechanism 
responsible for it must be at the monocular level of function, and in 
any case no clue to the explanation of the pattern and its hues appears. 
(b) The dark-eye pattern is of peripheral origin through some process 
of secondary excitation which could occur only if the efferent fibres 
of the optic nerve are excited. (c) The retina of the dark eye is 
actually stimulated by light leaking into it through the medial walls 
of the orbits, and other intervening structures from the other, directly 
illuminated eye.® | 

With regard to (b), it may be well to consider whatever similarity 
that may exist between the violet and yellow-green pattern and the 
phenomenon of the blue arcs. According to Ladd-Franklin (18), the 
hue of the arcs is reddish-blue. This is denied by Snell (26), who 
claims they are blue, but if the arcs were reddish-blue their hue might 
correspond fairly well to what we call violet in the violet and yellow- 
green pattern. Further, Ladd-Franklin and Gertz assert that they 
have seen a yellow-green after-image of the arcs. This might then 
correspond to the yellow-green ground against which the violet 
mottling is seen. Arguing against any such parallelism are the facts: 
(1) that the arcs are of short duration and occur only in the nasal 
retina between the macula and the disc, whereas the violet and yellow- 
green pattern is continuously visible in all portions of the visual field; 
and (2) the violet and yellow-green pattern we are considering is 
clearly not a phenomenon of temporal induction (after-image) but one 
of spatial induction, if an ‘induction’ phenomenon at all. Neverthe- 
less, the violet and yellow-green pattern may possibly be a less striking 
and more general manifestation of the same phenomenon. ‘The most 
widely accepted explanation of the blue arcs is electrical. According 
to this hypothesis, the arcs are due to secondary excitation of adjacent 
retinal processes by the nerve currents resulting from the initial 
stimulus. ‘The violet and yellow-green pattern may be due to analo- 
gous local electrical effects. But if this is so, the question of why 
such secondary excitation produces the hues violet and yellow-green 
remains to be answered. It is suggested by Friedman (8) that the 
blue of the arcs is due to the lower threshold of excitability of the 
blue process. But this does not help to account for the yellow-green. 
It will be remembered that Newhall (21) questioned the existence of 
a residual image following the blue arcs. Ladd-Franklin used this 
image in her argument for bioluminescence. Contending that phe- 


§ This possibility is not excluded by our Experiment V which was specially designed to test 
the bioluminescence hypothesis. The incomplete opacity of the skull bones and soft tissues in 
the vicinity of the orbits is easily demonstrated by the simple experiment of shutting oneself in a 
dark room and inserting the luminous end of an ordinary flashlight into one’s mouth. 
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nomena produced by electrical stimulation of the visual system are 
not accompanied by residual images and that light only produces 
negative after-effects in the receptor cells, she insisted that visible 
light must be generated in a nerve fiber during the passage of the 
nerve impulse. 

This second explanation of the violet and yellow-green pattern in 
terms of bioluminescence would be acceptable if visible radiations 
generated in the retina could be experimentally demonstrated. Such, 
however, has not been the case. 

With regard to the electrical theory of secondary stimulation of 
the photochemical processes, proposed to account for the blue arcs, 
Friedman (8) properly points out that this would imply a backward 
flow of excitation from the ganglion cells to the rods and cones. Since 
the blue arc effect exhibits no latency, according to Newhall (21), the 
backward flow must occur simultaneously with the forward excitation. 
Some doubt may be raised as to whether this can occur. ‘This diff- 
culty might possibly be overcome with better provision of a 
mechanism for the violet and yellow-green pattern and the rainbow 
effect, by invoking the services of the centrifugal fibers of the optic 
nerve. The existence of efferent fibers in the optic nerves has long 
been known, but no definite function has ever been ascribed them, 
according to Cajal (25). The precise connections of these fibers is in 
doubt, but if it is accepted that they associate the cortex with some 
species of amacrine cell, v1z., the i-neurone—Polyak (23)—they 
would provide an arc of reflex stimulation of the retinal mechanism. 
However, such a mechanism would not differentiate between the blue 
arcs and violet and yellow-green pattern unless many additional as- 
sumptions were made as to distribution of efferent excitation in the 
retina and the mode of response of the photochemical retinal processes. 

The most probable choice then seems to lie between hypotheses 
(a) and (c), and the latter is clearly the more conservative one. It is 
expected that further investigation may yield additional, possibly 
decisive, evidence on this point. 

There remains what is probably the major problem: Why does 
field articulation occur at all under the conditions of these experi- 
ments, and why is the number of different patterns apparently 
limited when one might have expected limitless variety? Reference 
has already been made to the possibility of random metabolic changes 
in the cells of the visual apparatus, with consequent variations in the 
excitation pattern notwithstanding uniformity of illumination of the 
retina, but nothing will be gained by an uncritical introduction of 
such a concept. Randomness could be either temporal or spatial, or 
both. It may be said at once that no evidence is available that would 
make a discussion of temporal randomness in excitation profitable. 
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But it might be worth while to consider the possibility of small 
metabolic fluctuations (functionally manifest as sensitivity fluctua- 
tion) occurring in the photosensitive cells, or in the bipolar or ganglion 
cells, or the horizontal and amacrine cells, or in all of these, in a spa- 
tial distribution that is (1) completely random or (2) random in small 
scale but patterned in large scale. Further, notwithstanding uniform 
brightness of the field of vision, illumination of the photosensitive 
cells might be non-uniform because of optical inhomogeneities of 
cornea, lens, humours, and the non-photosensitive strata of the retina 
itself. “The blood vessel network of the retina requires special con- 
sideration in this connection, since, as is well known, its shadow is 
visible under certain conditions. 

If condition (1) is the fact, the phenomenal articulations of the 
visual fields reported in this paper must be interpreted as revealing 
the existence of some central mechanism of field articulation, in- 
trinsically biased in favor of patterns of particular kinds, or at least 
of particular degrees of coarseness. This, because the degree of 
coarseness of the phenomenal patterns is indubitably of an order of 
magnitude far greater than the minimum that would be expected on 
the basis of the facts of visual acuity. 

If condition (2) is the fact, then we must find the origin of the 
pattern. The retinal blood vessel network might be responsible for 
a pattern of metabolic fluctuations, even though local adaptation 
(average sensitivity) compensates completely for the shadow of the 
blood vessels. A pattern of field articulation having this bias should 
at least resemble the blood vessel pattern as it is revealed by its 
shadow under certain other conditions, but such is not the fact. ‘The 
difficulty of explaining the configurations actually observed on the 
basis of optical inhomogeneities in eye structure is great enough be- 
cause of lack of similarity between visual pattern and known struc- 
tural features, but is made even greater by the fact that there are at 
least two major, and very different, classes of visual patterns. 

Our interpretation, admittedly tentative, therefore takes the fol- 
lowing form: Visual field articulation in patterns of comparatively 
limited variety can occur in the absence of peripheral stimulus gradi- 
ents (spatial), and is favored by intermittent stimulation. (The 
reason for this fact is still a mystery, but one is reminded of the 
revival of after-images by intermittent stimulation.) These visual 
patterns are manifestations of intrinsic bias or anisotropy of the 
visual mechanism, more probably physiological than physical. The 
bias or biases in question are recessive in ordinary vision when rela- 
tively large stimulus gradients are imposed peripherally, but become 
dominant when peripheral stimulation is undifferentiated. 
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SUMMARY 


1. When the illumination of one monocular field of vision is spa- 
tially uniform over virtually its entire extent, but temporally inter- 
mittent at a frequency below critical flicker frequency, while the other 
monocular field is dark, phenomenal chromatic patterns are produced. 

2. Two major patterns are distinguishable, although there are 
several others of a relatively transient and secondary nature. 

3. Of the two major patterns, one is a radiating or ‘windmill’ 
pattern of yellow and blue of relatively high brightness; the other, 
much dimmer, an irregular mosaic of violet and yellow-green. These 
two patterns appear alternately in a rhythm strongly suggestive of 
binocular rivalry. 

4. Evidence is given that the alternation actually is due to binocu- 
lar rivalry, that the yellow-blue pattern depends on the directly 
illuminated eye, and that the violet and yellow-green pattern depends 
on the externally dark eye which is stimulated by light leaking into its 
orbit through incompletely opaque intervening tissue from the di- 
rectly illuminated eye. 

5. Evidence is presented against the hypothesis of intraocular 
bioluminescence. 

6. A tentative hypothesis of central configurational bias is sug- 
gested. 


(Manuscript received for immediate publication October 13, 1947) 
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DISCUSSION 


CONCERNING THE EFFECT OF SHOCK FOR 
RIGHT RESPONSES IN VISUAL DIS- 
CRIMINATION LEARNING 


BY KARL F. MUENZINGER 
The University of Colorado 


In a recent article in this JouRNAL (3) Wischner reported some findings 
on the effects of shock for right and wrong responses on visual discrimination 
learning in a non-correction situation. Referring to certain similar experi- 
ments in a correction situation reported by myself and others he concludes 
that his results “‘are seemingly in conflict with the findings of other studies 
that shock administered anywhere after choice produces a general accelerat- 
ing effect” (3, p. 283). I shall try to show that a proper re-statement of 
Wischner’s findings will indicate agreement rather than conflict between his 
and our results. 

The major differences between our experiments were as follows: We used 
a T-shaped discrimination box (1, p. 268) in which the stimulus cues were 
facing each other across the choice point, while in Wischner’s apparatus 
(3, p. 275) the cues were mounted in the same plane. While both of us 
considered an animal’s choice of the alley with the positive cue leading to 
food one ‘correct trial,’ we differed radically with respect to the method 
followed and the terminology used in case the alley with the negative cue was 
chosen. Our method allowed an animal which had entered the alley with 
the negative cue to correct its error, enter the opposite alley with the positive 
cue and find food in the goal box. This is what we called one ‘error’ or 
one ‘wrong trial,’ no matter how often the animal entered the wrong alley 
and retraced it before he found food. Wischner’s method did not allow for 
retracing in the wrong alley, but made the animal go forward to the unbaited 
goal box on that side and from there directly to the starting point. Each 
entry into the wrong alley was counted by him as one ‘trial’ and one ‘error.’ 
In each one of our ‘trials’ the animal obtained reinforcement; in one of 
Wischner’s ‘trials’ it did not necessarily do so, but only in the ‘trials’ in 
which the correct alley was chosen. Our method of description permitted 
the counting of only one single error between two reinforcements; according 
to Wischner’s method a number of errors could be counted between two 
reinforcements, namely, as often as the animal chose the ‘wrong’ alley. 

Among other differences should be mentioned the quality of the shock: 
Wischner used continuous D.C., while we used D.C. impulses; and the size 
of the groups: our groups contained 25 animals and Wischner’s, Io. 

Roughly speaking, we found that the shock-right group was significantly 
better than the no-shock group, although poorer than the shock-wrong group 
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as measured both by what we called trials anderrors. In contrast, Wischner 
found that his shock-right group was poorer, but not significantly so, than 
the no-shock group as measured by what he calls trials and errors. It is 
on this array of facts that he rests his claim that his results ‘are seemingly in 
conflict’ with ours. 

Any judgment of this sort should be based, as far as possible, on com- 
parable aspects of the two experimental situations. Wischner’s use of a 
terminology similar to ours, i.e., ‘trials’ and ‘errors,’ does not in itself pro- 
duce the necessary prerequisite for comparability, as long as these terms 
denote different events in the two situations. I propose, therefore, to make 
the two statements of results comparable by reference to the number of 
reinforcements required for each group to master the problem. 

Wischner states his results as follows (3, p. 277): 


Shock-right Shock-wrong No-shock 
Mean trials 159.0 104.0 152.0 (a) 
Mean errors 71.3 24.2 54-6 (b) 


If we subtract the errors from the trials, as Wischner did not do, we 
may re-state his results in terms of mean reinforcements: shock-right, 87.7; 
shock-wrong, 79.8; no-shock, 97.4 (c). 

The following are the results in one of our experiments (2, p. 181) in 
terms of what we called trials per rat, or mean reinforcements: shock-right, 
76.0; shock-wrong, 54.8; no-shock, 127.2 (d). (Since Wischner’s values in- 
clude the criterion of learning, we here added the criterion to our values also.) 

The order of the groups in (a) and (b) is not the same as in (d). This is 
the conflict of findings to which Wischner refers. However, the order of 
the groups is the same in (c) and (d). ‘That is, the conflict disappears when 
the results are stated in comparable terms. We may therefore claim that, 
when measured in terms of reinforcements, Wischner’s results tend to confirm 
ours. I have left out of consideration the question of the significance of 
differences, which can only be guessed at. Since the difference between 
Wischener’s shock-wrong and no-shock groups does not seem to be sig- 
nificant, one can hardly expect his shock-right group to differ significantly 
from the no-shock group. 

Without going into a detailed consideration of errors also I merely wish 
to point out that if we had reported each single entry into the wrong alley 
as one error our results in terms of ‘errors’ as defined by him would then 
also have been approximated by Wischner’s. This omission on our part 
must certainly be regarded as a serious defect in reporting the results of our 
experiments. 

Wischner denies having found an accelerating effect of shock-right, as 
we have claimed, and yet he repeatedly points out “the rapid decline in the 
latter part of the (error) curve when the (shock-right) animals finally begin 
to learn” (3, pp. 279, 283). 

In conclusion I wish to say that, aside from the incomplete statement of 
his results and the denial of an accelerating effect which was nevertheless 
observed, I regard Wischner’s well-planned experiment as a very necessary 
continuation of the problem of the shock-right effect. The non-correction 











DISCUSSION 203 


situation brings out sharply the specific effects of shock as pointed out by 
Wischner in his discussion. 


REFERENCES 


1. Muenzincer, K. F. Motivation in learning. I. Electric shock for correct response in the 
visual discrimination habit. J. comp. Psychol., 1934, 17, 267-277. 

2. Muenzincer, K. F., Bernstone, A. H., & Ricuarps, L. Motivation in learning. VIII. 
Equal amounts of electric shock for right and wrong responses in a visual discrimination 
habit. J. comp. Psychol., 1938, 26, 177-186. 

3. Wiscuner, G. J. The effect of punishment on discrimination learning in a non-correction 
situation. J. exp. Psychol., 1947, 37, 271-284. 


A REPLY TO DR. MUENZINGER ON THE EFFECT OF 
PUNISHMENT ON DISCRIMINATION LEARNING 
IN A NON-CORRECTION SITUATION 


BY GEORGE J. WISCHNER 


University of Missouri 


In his paper Dr. Muenzinger (1) has attempted to show that when the 
results, reported in a recent study by the present writer (3), are reanalyzed, 
they are not seemingly in conflict with the findings of other studies that 
shock administered anywhere after choice produces a general accelerating 
effect. In place of ‘trials’ and ‘errors’ Muenzinger proposes reinforcements 
as the more comparable measure of learning and concludes “that, when 
measured in terms of reinforcements, Wischner’s results tend to confirm ours.” 

It is not too clear to us how one can ignore the errors an animal makes 
before attaining the criterion of mastery or how one can disregard the num- 
ber of trials necessary to achieve a given number of successes or reinforce- 
ments. However, it appears to us that even when stated in terms of rein- 
forcements our data support our original conclusion, and are seemingly 
opposed to the generalization that shock anywhere after choice accelerates 
learning. 

The fact that the order of scores in (c) is the same as that in (d) in 
Muenzinger’s reinforcement analysis does not seem to us to bear on the 
basic issue. ‘The point to be emphasized is that in terms of all measures— 
trials, errors, reinforcements—the differences between our shock-right group 
and no-shock group are not statistically significant although the differences 
between each of these groups on the one hand and the shock-wrong group 
on the other are statistically significant. These results are to be contrasted 
with those reported by Muenzinger et al. (2) which show a significant differ- 
ence between the shock-right and no-shock groups in favor of the former. 

In our original paper it was noted that in the Muenzinger studies results 
have been presented in terms of errors for the first 100 trials and that a 
comparable analysis of our data was not presented since it showed the same 
general picture as the complete learning records. Below are presented the 
results for each of our groups for the first 100 trials in terms of errors and 











204 DISCUSSION 


reinforcements. (The fact that the first two columns do not total 100 trials 
is due to the few NR—no reaction—trials obtained with some of the animals 
in the shock groups.) 


Shock-right Shock-wrong No-shock 
Mean errors 55-3 23.9 44.5 
Mean reinforcements 42.4 75.4 55-5 


These data show clearly that in terms of the reinforcement measure the 
shock-right group is again poorer than even the no-shock group. The 
difference between the no-shock and shock-right group approaches signifi- 
cance, the t-value being 2.5. The difference between the shock-wrong group 
and each of the other two groups is highly significant, t-values of 6.0 and 4.9 
obtaining for the comparisons with the shock-right and no-shock groups 
respectively. 

These results again seem to us to be contrary to the findings of other 
studies that shock administered anywhere after choice produces a general 
accelerating effect. 
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